Inflammation and Leukocyte Responses Induced by Subcutaneous Turpentine Inoculation of Young Alligator Mississippiensis. by Mateo, Margarita Rosa
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1983
Inflammation and Leukocyte Responses Induced
by Subcutaneous Turpentine Inoculation of Young
Alligator Mississippiensis.
Margarita Rosa Mateo
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Mateo, Margarita Rosa, "Inflammation and Leukocyte Responses Induced by Subcutaneous Turpentine Inoculation of Young Alligator
Mississippiensis." (1983). LSU Historical Dissertations and Theses. 3898.
https://digitalcommons.lsu.edu/gradschool_disstheses/3898
INFORMATION TO USERS
This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to  photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality o f the material submitted.
The following explanation o f techniques is provided to help clarify markings or 
notations which may appear on this reproduction.
1. The sign or “ target” for pages apparently lacking from the document 
photographed is “Missing Page(s)” . If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity.
2. When an image on the Film is obliterated with a round black mark, it is an 
indication o f either blurred copy because o f movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image o f the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame.
3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of “sectioning” the material has been followed. It is 
customary to begin filming at the upper left hand comer o f a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete.
4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department.
5. Some pages in any document may have indistinct print. In all cases the best 




300 N. Zeeb Road 
Ann Arbor, Ml 48106

8400130
M ateo , M arg a rita  R osa
INFLAMMATION AND LEUKOCYTE RESPONSES INDUCED BY 
SUBCUTANEOUS TURPENTINE INOCULATION OF YOUNG ALLIGATOR 
MISSISSIPPIENSIS
The Louisiana State University and A gricu ltura l and  M echan ica l Col. P h .D .
University
Microfilms
International 300 N. Zeeb Road, Ann Arbor, Ml 48106
Copyright 1984 
by





In all c a se s  this material has been  filmed in the best possib le way from the  available copy. 
Problems encoun te red  with this d ocum en t have been  identified here with a  check  m ark V .
1. G lossy pho tog raphs or p ag es
2. Colored illustrations, paper or p rin t______
3. P ho tographs with dark background  i / '
4. Illustrations a re  poor c o p y _______
5. P ag es  with b lack  marks, no t original copy_______
6. Print show s through  a s  th e re  is text on both s id e s  of p ag e______
7. Indistinct, broken  or small print on several p a g e s ______
8. Print ex ceed s m argin req u irem en ts______
9. Tightly bound copy  with print lost in sp ine_______
10. C om puter printout p ag es  with indistinct p rin t_______
11. P a g e (s )_____________lacking w hen material received, and not available from schoo l or
author.
12. P a g e (s )_____________seem  to  b e  missing in num bering only a s  text follows.
13. Two pages n u m b e re d ____________ . Text fol lows.
14. Curling and wrinkled p a g e s _______





INFLAMMATION AND LEUKOCYTE RESPONSES 
INDUCED BY SUBCUTANEOUS TURPENTINE INOCULATION 
OF YOUNG ALLIGATOR MISSISSIPPIENSIS
A Dissertation
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 
Doctor of Philosophy
in
The Interdepartmental Program 
in Veterinary Medical Sciences
Option: Veterinary Pathology
by
Margarita Rosa Mateo 
B.V.S., Texas A & M University, 1977 
D.V.M., Texas A & M University, 1978 
August 1983
ACKNOWLEDGEMENTS 
I would like to express my gratitude for advice and 
guidance to D r . E. D. Roberts and the other members of my 
graduate committee, Dr. F. M. Enright, Dr. W. G. Henk, Dr. 
J. Turk and Dr. M. Carakostas. I am also indebted to Dr.
H. W. Casey and Dr. J. B. Tasker for their help in clearing 
numerous administrative hurdles, to Dr. W. S. Bivin for 
generously providing animal care facilities and to M. 
Kearney for aid in interpretation of statistical results. 
Mr. T. Joanen of the Rockefeller Wildlife Refuge, Grand 
Chenier, Louisiana was instrumental in obtaining 
experimental animals and funding.
Without the help of the capable technical staff, this 
project would have never seen completion. I am especially 
grateful to Lynn Montgomery and Cheryl Crowder for histo­
logic and cytochemical techniques and to Billie Cleghorn 
for use of hematologic equipment. Sherry Gibson, Ross 
Payne and Mary Bowen were invaluable help in the electron 
microscopic studies. Wade Sigrest, Barry Meade and 
Gretchen Morgan were capable assistants and animal 
handlers. Valerie Lansford and her staff cheerfully cared 
for the experimental animals.
Many thanks go to Marlene Smith, who guided me through 
the bureaucratic mazes, and to Connie Vicknair, who 
patiently typed this manuscript.
Finally, the greatest thanks to to my parents, Luis 
and Rosa Mateo, without whom none of this would have been
ii
possible.
This project was supported by a grant entitled The 
Inflammatory Response in the Alligator funded by the 





Acknowledgements .........................................  ii
Table of Contents...........................................iv
List of Figures........................................... v
List of T a b l e s .............................................. vi
A b s t r a c t .................................................... vii
Introduction .............................................. 1
Literature Review
Crocodilian Skin Diseases ........................... 3
Turpentine-Induced Inflammation ...................  7
Reptile Leukocytes....................................  9
Crocodilian Leukocytes.................................. 52
O b j e c t i v e s ................................................... 62
Materials and Methods....................................... 63
Results
Gross and Microscopic Skin Lesions....................73
Leukocytes.................................................97
D i s c u s s i o n .................................................. 121
Summary....................................................... 151
Bibliography .............................................. 152





Figure 1. Control skin and underlying muscle . . .  81
Figure 2. Skin 4 hours post-inoculation............82
Figure 3. Foci of rounded, homogeneous necrotic
myofibers at 4 hours post-inoculation. . 83
Figure 4. Eight hours post-inoculation . . . . . .  84
Figure 5. One day post-inoculation.
Perivascular inflammatory cells........ 85
Figure 6. One day post-inoculation.
Inflammation cells at inoculation site . 86
Figure 7. Three days post-inoculation.............. 87
Figure 8. Seven days post-inoculation.
Inflammation cell f o c i .................. 88
Figure 9. Seven days post-inoculation.
Types of inflammatory cells............. 89
Figure 10. Fourteen days post-inoculation ..........  90
Figure 11. Thirty days post-inoculation.
Epidermal necrosis ........................  91
Figure 12. Thirty days post-inoculation.
Multinucleated giant cells surround 
necrotic material......................... 92
Figure 13. Thirty days post-inoculation.
Multinucleated giant cell palisades. . . 93
Figure 14. Thirty days post-inoculation.
Dermal fibrosis and neovascularization . 94
Figure 15. Control blood cells. Heterophil,
eosinophil, basophil and lymphocytes . . 1 0 8
Figure 16. Control blood cells. Monocytes and
thrombocytes ...............................  109
Figure 17. Control buffy coat heterophil........... 110
Figure 18. Control buffy coat eosinophil........... 111
Figure 19. Control buffy coat basophil............. 112
v
Page
Figure 20. Control buffy coat lymphocyte.............. 113
Figure 21. Control buffy coat monocyte................ 114
Figure 22. Macrophage from 14 day
post-inoculation skin lesion ............  115




Table 1. Calculations for Leukocyte Total and
Differential Counts in Alligator Blood. . . 72
Table 2. Special Stains - Alligator S k i n ............95
Table 3. Summary of Light Microscopic Skin
Lesions from Turpentine-Inoculated
Alligators..................................... 96
Table 4. Peripheral Alligator Blood Cell Dimensions. 117
Table 5. Cytochemical Reactions of Alligator
Peripheral Blood Cells...................... 118
Table 6. Control Alligator Hematological Data. . . . 1 1 9
Table 7. Means of Alligator Leukocyte Total and
Differential Counts ..........................  120
vii
ABSTRACT
Turpentine-induced skin reactions in young Alligator 
mississippiensis kept at 25°C were employed to study 
reptile inflammatory response. Skin lesions, harvested at 
intervals from 4 hours to 30 days post-inoculation 
exhibited no gross changes until day 24-26, when 
superficial skin necrosis and sloughing occurred. Early 
responses of congestion and dermal edema (4-8 hours) were 
seen by light microscopy, followed by necrosis and 
granulocyte migration (1-3 days). There was later 
predominance of monocytic cells, including vacuolated 
macrophages (7 days - 30 days). At 30 days post­
inoculation, central dermal zones of necrotic debris were 
surrounded by palisades of vacuolated multinucleated giant 
cells and capillary-laden immature fibrous connective 
tissue. Systemic illness or visceral lesions were not 
observed. Controls received inoculations of sterile saline 
solution and had no gross, microscopic or hematological 
changes.
Hematologic studies were performed to establish 
control values and evaluate effects of turpentine. Thirty- 
five control animals showed mean total leukocyte counts of 
6.4 X 1C)3/mm3. Leukocyte types were identified by 
light microscopy, and subsequent mean differential values 
were 50.0% heterophils, 10.0% eosinophils, 14.0% basophils, 
25.0% lymphocytes, 1.0% monocytes. Mean total thrombocyte 
counts were 22.5 X 103/mm3.
viii
Treated animals had significantly increased heterophil 
percentages (60%).
Normal buffy coat leukocytes were characterized by 
transmission electron microscopy. Heterophils had 
elliptical granules of variable electron density. 
Eosinophils had oval electron-dense granules lacking 
crystalloid cores. Basophils, lymphocytes and monocytes 
resembled their mammalian counterparts. Thrombocytes 
resembled their avian counterparts.
Positive histochemical tests were as follows: 
chloroacetate esterase-lymphocytes and monocytes; 
non-specific esterase-heterophils, lymphocytes, and 
monocytes; peroxidase (weak) - heterophils and eosinophils; 
acid phosphatase - heterophils, basophils and monocytes; 
alkaline phosphatase - heterophils and eosinophils, 
monocytes.
Phagocytosis and killing studies were performed by 
adding live Staphylococcus aureus to whole blood 
(anticoagulated). Staining with acridine orange and 
observation with fluorescence microscopy showed phagocytic 
and weak killing ability for monocytes, heterophils and to 
a lesser degree eosinophils.
ix
INTRODUCTION
Little is known about the morphology and chronology of 
the reptile inflammatory response. Reviews and case 
reports of disease in reptiles generally stress clinical 
aspects rather than detailed analyses of cytologic changes 
(Hunt, 1957; Dobbs, 1963; Page, 1966; Cowan, 1968; Burke, 
1978; Frye, 1979, 1981; Murphy and Collins, 1980; Cooper 
and Jackson, 1981; Marcus, 1981; Wallach and Hoff, 1982). 
The few experimental studies are concerned with systemic 
diseases induced by complex pathogens such as mycobacteria 
(Marcus et al., 1975) or amoebas (Ratcliffe and Geiman, 
1934; Barrow and Stockton, 1960), by specific drug 
toxicoses (Montali et al., 1979) or by specific nutritional 
deficiencies (Elkan and Zwart, 1967).
There is also a paucity of information on the 
leukocytes which participate in reptile inflammatory 
processes, especially in acute stages. Available reviews 
of reptile hematology are contradictory, or do not 
emphasize leukocyte function (Pienaar, 1962; St. Girons, 
1970; Frye, 1978, 1981).
In order to examine localized inflammation in a 
reptile, the skin of the American alligator Alligator 
mississippiensis was chosen as an experimental system. 
Besides being readily available and easy to maintain and 
handle, this species has large areas of easily accessible 
skin which is relatively non-complex and not subject to 
extraneous variables as periodic molting.
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Turpentine was selected as the inflammatory agent 
because of its reliable action and its frequent use in 
studies of inflammation in other species (Spector and 
Willoughby, 1959; Carlson and Allen, 1969; Schwartz and 
Osburn, 1974). Use of this commonly employed inflammatory 
agent would thus permit interspecific comparisons.
Alligator mississippiensis is assuming greater 
commercial importance following its recovery from near 
extinction (Joanen and McNease, 1975). Alligators are 
employed currently in several research fields, including 
cardiac physiology (Smith et al., 1974), growth studies 
(Dodson, 1975), thermoregulation (Terpin et al., 1979), 
comparative immunology (Cuchens and Clem, 1979a, 1979b) and 
reproduction (Ferguson, 1982; Ferguson and Joanen, 1982).
In addition to providing a model for inflammatory 
processes in a reptile, this project will examine specific 
aspects of alligator inflammation and hematology which will 
be of value to the researchers, clinicians and diagnostic 
veterinary pathologists likely to encounter this 
increasingly utilized species.
To provide a foundation for interpreting the results 
of this study, a review of crocodilian skin diseases and 




There are few reports of specific skin diseases in 
crocodilians. Color abnormalities have been described, 
including a "light-yellow" Alligator mississippiensis 
(Mcllhenny, 1935), "erythristic" and "albinotic" Alligator 
mississippiensis (Allen and Neill, 1956) and several 
"albinotic" saltwater crocodiles Crocodylus porosus (Kar 
and Bustard, 1982).
Skin involvement with the metabolic disease 
"steatitis" has been observed in several crocodilians, 
including the spectacled caiman Caiman sclerops and 
Alligator mississippiensis (Wallach and Hoessle, 1968). 
Grossly, this condition was characterized by widespread 
induration, encapsulation and yellow-brown discoloration of 
body fat, including subcutaneous adipose tissue. 
Microscopically, foci of acid-fast ceroid were present in 
lesions, surrounded by macrophages and fibroblasts (Wallach 
and Hoff, 1982), as well as multinucleated giant cells 
(Frye and Schelling, 1973). This acid-fast ceroid, 
presumably produced by peroxidation of excess unsaturated 
fatty acids from oily or rancid fish in the diet, was 
considered to induce the chronic inflammation (Frye, 1981). 
Adequate dietary vitamin E, with its well known antioxidant 
properties, is considered preventive (Jackson and Cooper, 
1981 ) .
Bacterial pathogens which have caused lesions in
4
crocodilian skin include Erysipelothrix insidiosa which was 
isolated along with opportunistic fungi from widely 
distributed 2.0-4.0 cm brown-black plaques on the skin and 
oral mucous membranes of an American crocodile Crocodylus 
(formerly Crocodilus) acutus (Jasmin and Baucom, 1967). 
Cutaneous mycobacteriosis in "crocodiles" was briefly 
mentioned by Reichenbach-Klinke and Elkan (1965).
A pox-like skin disease of juvenile Caiman sclerops in 
Florida was discovered by Jacobson et a l . (1979). The 
caimans had generalized gray-white 1.0-3.0 mm papules, 
which regressed in two out of three affected animals. In 
the third animal, lesions became confluent and euthanasia 
was performed. Light microscopy of typical lesions 
revealed epithelial hyperplasia with acanthosis, 
hyperkeratosis and necrosis, as well as eosinophilic 
cytoplsmic inclusions characteristic of pox viruses. 
Transmission electron microscopy revealed poxvirus-like 
inclusions. Young Caiman sclerops with an almost identical 
clinical disease were recently observed in Hungary (Vet^si 
et al., 1981). Possible relationship of this disease to 
previously-described "warts" in crocodiles (Schlumberger 
and Lucke, 1948) has not been determined.
Several mycotic diseases have been reported in 
crocodilians. During an outbreak of primary Aspergillus- 
induced pneumonia in Alligator mississippiensis, sick and 
dead animals had small areas of scale desquamation and 
necrosis (Jasmin et al., 1968). Some of these lesions
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contained fungal hyphae and yielded mixed cultures of 
Rhizopus, Aspergillus and Penicillium spp. (considered 
non-significant opportunists). Generalized skin lesions 
from Nile crocodiles Crocodylus niloticus and Caiman 
sclerops yielded Trichosporon spp. and Fusarium spp. 
respectively (Kuttin et al., 1978). Recently, Trichophyton 
spp. were isolated from "multiple granulomatous" lesions 
removed from the foot pads of captive juvenile Alligator 
mississippiensis in Florida- (Jacobson, 1980).
Bilateral, firm, 8.0 cm ulcerated masses were recently 
removed from the palmar forelimbs of a captive adult 
Alligator mississippiensis (Ensley et a l ., 1979). 
Histologically, they were characterized by immature fibrous 
connective tissue underlying hyperplastic epithelium and 
perivascular aggregates of "plasma cells, lymphocytes and a 
few histiocytes and eosinophilic granulocytes" subjacent to 
the ulcerated palmar surfaces. Constant abrasion by 
concrete pens was considered the predisposing cause of 
these chronic proliferative lesions. Blair (1931) 
mentioned an apparently similar lesion on the foot of 
another captive Alligator mississippiensis.
Placobdella multilineata leech infestations of the 
skin and oral cavity have been reported in Alligator 
mississippiensis in Florida (Forrester and Sawyer, 1974), 
Texas (Smith et a l ., 1976), Louisiana (Overstreet, 1978) 
and South Carolina (Glassman et al., 1978, 1979). These 
leeches are probable vectors for the intraerythrocytic
6
Hemogregarina spp. parasites commonly found in wild 
Alligator mississippiensis
Other crocodilian skin parasites include the 
trichuroid nematode Capillaria recurva, whose eggs have 
been found in the stratum corneum of Crocodylus niloticus, 
although adult worms reside primarily in the crocodile 
intestine. Lesions have not been associated with worm 
migration or deposited eggs (Frank, 1981). A similar 
nematode Paratrichosoma crocodilus has caused economically 
important lesions in the skin of the New Guinea crocodile 
Crocodylus (formerly Crocodilus) novaeguinae (Ashford and 
Muller, 1978). Some Dracunculoidea species were reported 
in subcutaneous tissues of certain crocodiles, but no 




Parenteral turpentine inoculation has long been known 
to produce vigorous inflammatory responses. Turpentine oil 
has been used classically and recently to induce 
inflammation in experimental animals.
Various aspects of the inflammatory process have been 
studied using turpentine as the inciting agent. 
Turpentine-induced vascular permeability has been 
investigated in many species including the Queensland toad 
Bufo marinus (Ho and Thomas, 1968), the sheep (Vegad and 
Lancaster, 1972, 1973), and the chicken (Jain et a l .,
1982). Dynamics of peripheral blood and bone marrow 
leukocyte responses following local turpentine inoculations 
have been reported in the chicken (Bradley, 1937), the 
perch Perea flavescens (Yokoyama, 1947), the dog (Cronkite 
et al. , 1976), and the laboratory rat (Williams and 
Johnston, 1976, 1978).
Progress of events within turpentine-induced skin 
lesions has been documented sequentially in some species as 
the chicken (Carlson and Allen, 1969) and the fetal and 
neonatal rhesus monkey Macaca mulatta (Schwartz and Osburn,
1974). Another study of turpentine skin lesions in the 
laboratory rabbit focused on the production of neutrophil 
enzymes (Lazurus, 1974). Transmission electron microscopy 
has been used to study the inflammatory cells of 
turpentine-induced skin lesions in the laboratory rat 
(Fuchs, 1966) and the chicken (Jortner and Adams, 1971).
8
In reptiles, use of turpentine to induce inflammation 
has been limited. Prolonged increases in circulating 
leukocytes ("heterophiles") were reported by Ryerson (1943) 
to result from subcutaneous turpentine inoculation in the 





Most investigators have distinguished two types of 
circulating acidophilic leukocytes in reptiles based upon 
size, number and morphology of cytoplasmic granules.
Jordan and Flippin (1913) studying the box turtle Terrapene 
(formerly Cistudo) Carolina and Jordan (1938) studying the 
horned toad Phrynosoma solare noted both "eosinophilic 
granulocytes" with "rod-like or ellipsoidal" or "bacillary" 
granules and those with "large spheroidal eosinophil" 
granules. Bernstein (1938) differentiated types of 
"eosinophils" in the tortoise Testudo geometrica based on 
intensity of red coloration of granules with eosin. These 
workers shared the prevalent opinion that the two 
granulocyte types were merely progressive stages in a 
single developmental series. Charipper and Davis (1932) in 
their study turtle granulocytes considered the cells with 
"spherical" granules to be "young" forms which matured into 
the "old" cells with "ellipsoidal" granules. They based 
this conclusion on apparent elevations in "young" but not 
"old" granulocytes following intramuscular inoculations of 
thyroxin and "nucleinic" acid. A similar transformation of 
"granulocyte(s) with spheroidal granules" into 
"granulocyte(s) with ellipsoidal . . . granules" in 
Terrapene Carolina had been proposed earlier by Jordan and 
Looper (1928). Loewenthal (1931) observed two types of 
"eosinophils" in the slow-worm Anguis fragilis but believed
10
the heterogeneity to result from inconsistent staining 
techniques.
Contradicting these views was Ryerson (1943), who 
studied acidophilic granulocytes in Terrapene Carolina and 
Gopherus polyphemus. Subcutaneous inoculation of 
turpentine resulted in marked relative increases in 
circulating "heterophiles" with "fusiform" granules while 
levels of "eosinophiles" with "spheroidal" granules 
remained constant. He suggested that the two cell types 
were functionally, developmentally and morphologically 
different, and that they corresponded to the avian 
heterophil and eosinophil, respectively.
Over the past twenty years, most researchers have 
tended to corroborate the views of Ryerson (1943). Thus, 
Pienaar (1962) asserted that the zonure lizard Cordylus 
vittifer and many other South African reptiles had distinct 
"Type 1 eosinophils" with "bacillary" granules and "Type 2 
eosinophils" with "globular" granules. Likewise, St.
Girons (1970) stated in her monograph that two types of 
"eosinophilic granulocytes" with "cylindrical" or 
"spherical" granules have been observed in the blood of all 
reptile orders. Frye (1973, 1976, 1978) described 
"heterophils" with "rod-shaped" or "fusiform" granules and 
"eosinophils" with "spherical" or "bead-like" granules in 
the peripheral blood of many reptiles.
A distinct minority of authors contended that certain 
reptiles have only one morphologic type of acidophilic
11
granulocyte. Only one type of "eosinophile" was said by 
Sabraz&s and Muratet (1924) to occur in the lizard Podarcis 
(formerly Lacerta) muralis. Ryerson (1949) described only 
"heterophiles" with "fusiform acidophilic" granules in 
various lizard and snake species. Will (1979) observed a 
single type of "heterophil" in various lacertid lizards.
Taylor and Kaplan (1961) postulated that some of these 
discrepancies might be due to artifacts which occurred 
during preparation and, staining of blood smears.
For purposes of clarity, the two granulocyte types 
(termed "heterophils" and "eosinophils") will be considered 
separately in the following discussion.
Heterophils
Heterophils, or granulocytes with rod-shaped granules, 
have been described under a variety of different names.
Most authors described the cells as oval or "with a regular 
circular outline" as mentioned by Desser (1978) in his 
study of the tuatara Sphenodon punctatus.
Although general cell shape is consistent, widely 
variable cell diameters have been reported. In some 
reptiles, cell diameters were rather small, ranging from 
7.0-18.0 micrometers (Heady and Rogers, 1962; St. Girons 
and Duguy, 1963; Efrati et al., 1970; MacMahon and Hamer,
1975). In other species, cell diameters were much larger. 
For example, Pienaar (1962) observed 18.0-25.0 micrometer 
"Type 1 eosinophils" in Cordylus vittifer and Desser (1978) 
found 21.2-26.4 micron "neutrophils" in Sphenodon
12
punctatus.
The most prominent heterophil features reported have 
been the abundant cytoplasmic granules with fusiform or 
rod-shaped outlines. Taylor and Kaplan (1961) noted that 
the heterophil granules in the slider turtle Pseudemys 
scripta had mean dimensions of 2.54 X .38 micrometers. St. 
Girons (1970) stated that in general, these granules ranged 
from 2.0-3.0 micrometers in length.
Although the acidophilic nature of these granules 
(using various Romanowsky stains) was stressed by most 
workers, a few authors were more specific. Efrati et al . 
(1970) mentioned that in the lizard Agama stellio, 
spindle-shaped granules were "pinkish-brown" and MacMahon 
and Hamer (1975) commented that the sidewinder Crotalus 
cerastes "neutrophil" granules were "pink-grey". In 
Cordylus vittifer, Pienaar (1962) observed that the "Type 1 
eosinophil" granules were highly retractile.
A striking feature described in some reptiles has been 
the arrangement of the rod-shaped granules into radially 
symmetrical, star-like clusters in the center of the cells 
(Wood, 1935; Pienaar, 1962; Efrati et al., 1970).
Although the numerous granules which pack the cells 
have generally precluded observation of the cytoplasm, a 
few researchers have commented that it was generally pink 
to colorless to pale blue. For example, Wood (1935) 
described as "oxyphilic" the cytoplasm of the gecko 
Tarentola mauritanica "eosinophil leucocytes". Otis (1973)
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observed that heterophils of the puff adder Bitis arietans 
had "basophilic" cytoplasm, and MacMahon and Hamer (1975) 
noted that the cytoplasm of Crotalus cerastes "neutrophils" 
stained "light lilac".
The extreme fragility of the heterophil cytoplasm, 
with its tendency to rupture or smudge on improperly 
prepared blood-films was often noted (Pienaar, 1962; 
MacMahon and Hamer, 1975).
Shape of heterophil nuclei has been quite varied. In 
some reptiles, especially chelonians, nuclei were described 
as oval or lenticular structures situated at one pole of 
the cells. Charipper and Davis (1932) stated polar nuclei 
were almost "invariably" present in pseudemyd turtle 
eosinophils with "ellipsoid" granules. Taylor and Kaplan 
(1961) described polar 8.36 X 9.4 micrometer nuclei in 
heterophils of Pseudemys scripta. Heady and Rogers (1962) 
noted that the eccentric nuclei of pseudemyd turtle 
"neutrophils" were "elliptical" or reniform. The 
"granulocytes neutrophiles" of various French reptiles 
rarely had bilobed nuclei, according to St. Girons and 
Duguy (1963); similar findings were noted for the 
"pseudoeosinophilous" or "heterophilous" leukocytes of the 
pond turtle Emys orbicularis by DincS (1969). Although a 
small degree of segmentation was observed, most heterophil 
nuclei in Bitis arietans were circular or ovoid (Otis,
1973).
In other species, heterophil nuclei had a variety of
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forms. Tarentola mauritanica "eosinophil leucocyte" nuclei 
ranged from oval to indented to highly segmented (Wood, 
1935). In the tortoise Testudo ibera, Girod and Lefranc 
(1958) noted both bilobed and round "granulocyte" nuclei-. 
Efrati et al. (1970) noted 2-4 lobes in nuclei of 
"granulocytes with spindle shaped granules" of the lizard 
Agama stellio. Highly segmented nuclei were also present 
in the "neutrophil’s" of Crotalus cerastes (MacMahon and 
Hamer, 1975) and Sphenodon punctatus (Desser, 1978).
Internal nuclear structures were relatively 
consistent. The heterophil nuclei were quite basophilic 
with coarsely condensed chromatin (Charipper and Davis, 
1932); Girod and Lefranc, 1958; Otis, 1973). In contrast, 
MacMahon and Hamer (1975) stated that in Crotalus cerastes 
"neutrophils", the "lilac" nuclei had somewhat indistinct 
chromatin.
Several ultrastructural studies of reptile heterophils 
have been performed utilizing transmission electron 
microscopy (TEM). In Pseudemys scripta, Taylor et a l . 
(1963) described heterophils as round cells with abundant, 
membrane-bound oval to round granules of three types (A, B 
and C ) , ellipsoid mitochondria, abundant endoplasmic 
reticulum (ER) and small cytoplasmic projections. Nuclei 
had indistinct heterochromatin; nucleoli were not observed. 
Three morphologically distinct granules were also observed 
ultrastructurally in "neutrophils" of Sphenodon punctatus. 
Large rbund granules (either electron-dense, or more
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electron lucent and granular) as well as small round 
granules with inclusions were present. Nuclei were 
segmented with condensed heterochromatin (Desser and 
Weller, 1979a).
Transmission electron microscopy of bone marrow from 
the lizard Lacerta agi1is and Emys orbicularis revealed 
that heterophils had rod-shaped, 4.8 X .7-1.8 micrometer 
electron-dense granules, some with peripheral scalloped 
electron-lucent "excavations" (Kelenyi and Nemeth, 1969). 
Similar sharply-demarcated electron-lucent "haloes" were 
observed by Zapata et al. (1981) in the larger polygonal 
granules of the heterophilic granulocytes in bone marrow of 
the Spanish lizard Podarcis (formerly Lacerta) hispanica.
Many of the cytochemical studies on reptile 
heterophils yielded conflicting results. Horii et al. 
(1951) found that in the snake Elaphe climacophora, the 
lizard Eumeces latiscutatus and the turtle Mauremys 
(formerly Clemys) japonica, the "special leucocoytes" or 
"pseudoeosinophils" were positive for acid phosphatase 
while only the turtle cells were positive for alkaline 
phosphatase. In Cordylus vittifer, Pienaar (1962) 
determined that "Type 1 eosinophils" were positive for 
peroxidase, glycogen (PAS) and phospholipids (Sudan black 
B ) . Keldnyi and Nemeth (1970) found that in Lacerta agilis 
and Emys orbicularis, heterophils were negative with the 
benzidine peroxidase test. The "pseudoeosinophilous 
leukocytes" of Emys orbicularis were found to be PAS, Sudan
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III and peroxidase-positive by Dinca (1969). Agama stellio 
"granulocytes with spindle-shaped granules" were noted by 
Efrati et a l . (1970) to be positive for peroxidase, acid 
and alkaline phosphatase, naphthol AS-D chloroacetate 
esterase, glycogen (PAS) and phospholipids (Sudan black B ) . 
They were negative for neutral fats (Sudan III), acid fats 
(Nile blue sulphate) and acid mucopolysaccharides (alcian 
blue and toluidine blue).
Caxton-Martins (1977) described a general category of 
"granulocytes" in a "wall ghecko" (no species given).
These cells were positive for Sudan black B, PAS, acid and 
alkaline phosphatase, B-glucuronidase and naphthol AS-D 
chloroacetate esterase. The peroxidase test was negative.
Recently, Desser (1978) found that Sphenodon punctatus 
"neutrophils" gave positive reactions to acid phosphatase, 
peroxidase, PAS and napthol AS-D chloroacetate esterase 
tests but were negative for alkaline phosphatase.
Kel^nyi and Nemeth (1969) supplemented their work with 
Lacerta agilis and Emys orbicularis heterophils by noting 
that these cells had high isoelectric points, Congo red or 
Sirius red R3B anistropy and thioflavine S fluorescence.
Only a few functional studies of reptile heterophils 
have appeared. Taylor and Kaplan (1961) found that in 
unstained preparations, Pseudemys scripta "heterophils" 
displayed active amoeboid movement, as well as individual 
granule movement. Pienaar (1962) observed marked motility 
of Cordylus vittifer "Type 1 eosinophils". In addition to
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active locomotion, "granulocytes with spindle-shaped 
granules" of Agama stellio exhibited phagocytosis of China 
ink particles injected intraperitoneally (Efrati et al., 
1970).
Because of the many technical problems and 
physiological factors which influence heterophil numbers, 
exact quantitative data in control animals are scarce and 
sometimes widely divergent. Efrati et a l . (1970) stated 
that Agama stellio, "granulocytes with spindle-shaped 
granules" numbered 1.5-3.0 X 103 of peripheral blood. A 
few recent differential leukocyte counts yielded the 
following percentages for "neutrophils" 14.83% in Bitis 
arietans (Otis, 1973), 15.1% in Crotalus cerastes (MacMahon 
and Hamer, 1975), and 4.5% in Sphenodon punctatus (Desser, 
1978).
Eosinophils
The second type of reptile acidophilic granulocyte was 
not considered a distinct entity by all investigators. 
However, among the authors who did recognize it there was 
relative consistency in description.
The cell outlines were circular, but cell dimensions were 
somewhat variable. In the tortoise Testudo graeca 
(formerly ibera), Girod and Lefranc (1958) noted that 
"Groupe II granulocytes" had mean diameters of 9.7-10.6 
micrometers. Taylor and Kaplan (1961) found 10.4 X 1.0 
micrometer eosinophils in Pseudemys scripta, while Heady 
and Rogers (1962) observed a range of 7.5-15.0 micrometers
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for eosinophils of various pseudemyd turtles. Efrati et 
al. (1970) found 8.0-12.0 micrometer diameter "granulocytes 
with large round granules" in Agama stellio.
In other species, eosinophil diameters were larger, 
ranging from 9-20 micrometers (St. Girons and Duguy, 1963; 
Otis, 1973; MacMahon and Hamer, 1975). Pienaar (1962) 
noted a range of 14.0-23.0 micrometers for "Type 2 
eosinophils" of Cordylus vittifer, and Desser (1978) found 
that eosinophils of Sphenodon punctatus ranged from
12.5-22.4 micrometers in diameter. Within a particular 
species, even the largest eosinophils were always somewhat 
smaller than the heterophils (Pienaar, 1962; Desser,
1978).
The most prominent feature reported in reptile 
eosinophils has been the large, circular to oval cyto­
plasmic granules. Measurements of granule size included 
mean dimensions of 1.57 X 0.39 micrometers in pseudemyd 
turtles (Taylor and Kaplan, 1961). A range of 2.0-3.0 
micrometers was noted for the "large round granules" of 
Agama stellio (Efrati et al., 1970). Typical references as 
". . . cytoplasm (was) crowded almost to bursting . . . " b y  
Taylor and Kaplan (1961) and ". . . (filled) the cytoplasm 
to capacity . . . " b y  Pienaar (1962) indicated the 
abundance and random arrangement of these granules. With 
various Romanowsky stains, the granules were usually quite 
eosinophilic. Heady and Rogers (1962) mentioned "red" 
granules in various psuedemyd turtles, St. Girons and
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Duguy (1963) observed "orange" granules in various French 
reptiles and Pienaar (1962) found "deep crimson to clear 
rose" granules in Cordylus vittifer. In contrast, MacMahon 
and Hamer (1975) found the granules of Crotalus cerastes 
eosinophils to be "chromophobic".
The eosinophil cytoplasm was obscured by granules, and 
no central clear zone was present (Taylor and Kaplan,
1961). Nevertheless, a few investigators noted narrow rims 
of homogeneous intergranular cytoplasm. In Cordylus 
vittifer "Type 2 eosinophils", Pienaar (1962) found blue 
cytoplasm while in the common iguana Iguana iguana 
"granulocitos eosindfilos", Acuna (1973) noted blue-green 
or pink cytoplasm. The eosinophils of Crotalus cerastes 
had "slightly acidophilic" intergranular cytoplasm 
(MacMahon and Hamer, 1975). As Pienaar (1962) declared, 
the cytoplasm of the "Type 2 eosinophils" was much less 
prone to distortion and rupture caused by poor blood film 
preparation.
Descriptions of eosinophil nuclei were rather 
inconsistent. Most investigators mentioned elliptical to 
oval nuclei usually pressed against the plasma membrane at 
one pole of the cells. The few quantitative measurements 
of nuclear size included those of Girod and Lefranc (1958) 
who found average dimensions of 4.0 X 5.0 micrometers in 
the "Groupe II granulocytes" of Testudo graeca, and those 
of Taylor and Kaplan (1961) who noted 8.23 X 0.81 micro­
meter nuclei in eosinophils of Pseudemys scripta. In a few
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reptile species, as Iguana iguana (Acuna, 1973) and 
Sphenodon punctatus (Desser, 1978), the eosinophil nuclei 
were multilobed. Most authors stressed the deeply 
basophilic nuclear coloration, often with prominent, 
coarsely clumped chromatin. However, in Testudo graeca, 
Girod and Lefranc (1958) found a "noyau clair" (pale or 
clear nucleus) with indistinct chromatin, and in Crotalus 
cerastes, MacMahon and Hamer (1975) noted that the nucleus 
was "faint blue".
An unusual characteristic of reptile eosinophils was 
the frequent presence of varying numbers of granules 
overlying the nuclei (Girod and Lefranc, 1958; Pienaar, 
1962; Efrati et al., 1970). Sometimes, as in certain 
pseudemyd turtles, the granules overlapped the nuclear 
borders (Heady and Rogers, 1962).
Limited transmission electron microscopic (TEM) 
studies of reptile eosinophils are available. In Pseudemys 
scripta, Taylor et a l . (1963) observed smooth-bordered 
cells with large membrane bound oval or circular granules 
and abundant endoplasmic reticulum and mitochondria.
Nuclei had condensed heterochromatin and smooth outlines. 
Kel^nyi and Nemeth (1969) studied bone marrow of Lacerta 
agi1is and Emys orbicularis with TEM, and noted that 
eosinophils had round or ovoid 0.8-1.8 micrometer homo­
geneous electron-dense granules. The "granulocytes with 
large round granules" of Agama stellio lacked central 
crystalloid cores in their granules (Efrati et al., 1970).
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In the tuatara Sphenodon punctatus, eosinophils had 
segmented nuclei with clumped heterochromatin and abundant, 
pleomorphic 0.7-0.8 micrometer homogeneous granules (Desser 
and Weller, 1979a). The granules had peripheral 
electron-dense material, "dumb-bell-shaped inclusions", 
peripheral indentations and intragranular membranous 
structures. Recently Zapata et a l . (1981) observed bone 
marrow of Podacris hispanica with TEM and saw "acidophils" 
with segmented nuclei and large circular homogeneous 
granules without crystalline inclusions.
Cytochemical studies of reptile eosinophils have been 
reported. In Cordylus vittifer, Pienaar (1962) found that 
"Type 2 eosinophils" were positive for peroxidase and PAS 
tests. Likewise, Keldnyi and Nemeth (1969) reported that 
Lacerta agi1is and Emys orbicularis eosinophils were 
positive for the benzidine peroxidase test. The 
"eosinophilic leucocytes" of Elaphe climacophora, Eumeces 
latiscutatus and Mauremys japonica were noted to be acid 
phosphatase-positive by Horii et a l . (1951); only the
Mauremys cells were alkaline phosphatase positive. Agama 
stellio "granulocytes with large round granules" were 
positive for PAS, acid phosphatase and alcian blue tests 
(Efrati et al., 1970). They were negative for alkaline 
phosphatase, naphthol AS-D chloroacetate esterase, Sudan 
black B, Sudan III, toluidine blue, Nile blue sulphate and 
peroxidase.
In Sphenodon punctatus eosinophils Desser (1978)
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reported positive reactions to acid phosphatase, PAS and 
peroxidase tests while alkaline phosphatase and 
alpha-naphthyl acetate esterase tests were negative. 
Subsequently, in this same species, Desser and Weller 
(1979a) found that eosinophils stained by the periodic acid 
thiosemicarbazide silver proteinate (PA-TSC-Ag) method and 
observed with TEM had numerous electron-dense beta- 
glycogen-like cytoplasmic particles.
Other characteristics of Lacerta agi1is and Emys 
orbicularis eosinophils reported by Kel^nyi and N6meth
(1969) were high isoelectric points, Congo red and Sirius 
red R3B anisotropy and thioflavine S fluorescence.
Limited functional studies of reptile eosinophils are 
available. Unstained preparations of Pseudemys scripta 
blood had actively motile eosinophils (Taylor and Kaplan,
1961). Pienaar (1962) reported rather sluggish amoeboid 
movement with formation of small pseudopods in Cordylus 
vittifer "Type 2 eosinophils". Observed by Efrati et al.
(1970) using phase contrast microscopy, Agama stellio 
"granulocytes with large round granules" had somewhat 
limited amoeboid locomotion.
Enumerations of reptile eosinophil counts have been 
subject to methodological and biological variation. Efrati 
et a l . ( 1970) noted absolute counts of 0.4-1.2 X 10^ of 
"granulocytes with large round granules" in Agama stellio. 
Recent differential leukocyte counts resulted in the 
following divergent eosinophil percentages: 2.0% in Bitis
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arietans (Otis, 1973), 0.8% in Crotalus cerastes (MacMahon 
and Hamer, 1975) and 11.5% in Sphenodon punctatus (Desser, 
1978).
Basophils
Easily recognizable cells in all reptile orders are 
basophils (often called "mast cells" in older works such as 
Charipper and Davis [1932]). Morphologic descriptions 
mentioned round to oval cells whose external borders were 
sometimes irregularly indented or scalloped by numerous 
granules. The term "microscopic blackberry" was employed 
by Pienaar (1962) to describe the basophils of Cordylus 
vittifer.
General cell dimensions of basophils were more 
consistent than those of other granulocytes. Mean basophil 
diameters of 10.0-14.0 micrometers were found in various 
reptile species (Pienaar, 1962; Acuna, 1973; Otis, 1973; 
MacMahon and Hamer, 1975). Heady and Rogers ( 1962.) 
mentioned 7.5-15.0 micrometer so-called "small acidophils" 
in closely-related species of pseudemyd turtles, while St. 
Girons and Duguy (1963) noted a range of 7.0-16.0 
micrometer in the "granulocytes basophiles" of various 
French reptiles. Larger basophils were found in certain 
reptiles, as the 15.0 X 15.0 micrometer cells of Testudo 
geometrica (Bernstein, 1938), and the 18.0-23.3 micrometer 
basophils of Sphenodon punctatus (Desser, 1978).
The cytoplasmic granules have been singled out as the 
outstanding feature of reptile basophils. Typically, the
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coarse, circular granules were purple, dark-blue or 
blue-black with various Romanowsky stains. Heady and 
Rogers (1962) mentioned red as well as purple and blue 
granules in "small acidophils" of pseudemyd turtles.
Granule numbers reported were variable. The "basophil 
leucocytes" of Tarentola mauritanica contained from one to 
several hundred granules (Wood, 1935). Most researchers 
stressed that granules were extremely numerous in most 
basophils within a given species (Pienaar, 1962; St.
Girons, 1970).
Granule size variability was also recorded. Bernstein 
(1938) measured average 0.44 X 0.06 micrometer granules in 
Pseudemys scripta basophils, but other quantitative data 
are scarce. Wood (1935) and Desser (1978) noted that in 
Tarentola mauritanica and Sphenodon punctatus, 
respectively, basophil granules were of various sizes. 
Pienaar (1962) reported that Cordylus vittifer basophil 
granules varied in size from cell to cell but were of 
generally equal size within an individual cell.
Basophil cytoplasm was generally difficult to discern 
because of the abundant granules. Some species had pale 
blue cytoplasm (Charipper and Davis, 1932; Acuna, 1973; 
Otis, 1973). Bernstein (1938) observed that in some 
Testudo geometrica basophils, the granules were not present 
in the perinuclear area, leaving a clearly visible rim of 
light blue cytoplasm. The extreme fragility of basophils 
was noted by Pienaar (1962), who found frequent cell
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distortions or rupture due to fixation.
Due to the numerous overlying granules, basophil 
nuclei were difficult to observe. However, there was 
remarkable uniformity in the available descriptions. Most 
investigators mentioned large oval or round pale blue 
nuclei located in the center of the cells. Bernstein 
(1938) found that Testudo geometrica basophil nuclei 
averaged 10.0 X 10.0 micrometers. In Pseudemys scripta, 
Taylor and Kaplan (1961) noted average basophil nuclear 
dimensions of 4.16 X 0.58 micrometers.
A few ultrastructural descriptions have appeared in 
the literature. Taylor and Kaplan (1963) studied Pseudemys 
scripta basophils with TEM and reported round cells with 
undulating borders and large round membrane-bound granules 
containing parallel linear inclusions. The nuclei had 
clumped heterochromatin and an oval nucleolus. Sphenodon 
punctatus basophils had 0.8-1.0 micrometers electron-dense 
granules sometimes containing myelin-like membranous 
figures or microtubules in "parallel array". The nuclei 
had highly condensed chromatin; nucleoli were not observed 
(Desser and Weller, 1979a).
Cytochemical studies were carried out in the basophils 
of a few reptile species. The "basophilic leukocytes" of 
Elaphe climacophora and Eumeces latiscutatus were 
acid-phosphatase positive and alkaline phosphatase 
negative. Opposite results were noted in Mauremys japonica 
(Horii et al., 1951). In the horned toad Phrynosoma
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cornutum, Kelly et al. (1961) found that basophil granules 
were positive with toluidine blue and Astraublau at pH 
0.2-0.3, indicating presence of sulfuric acid esters (as 
acid mucopolysaccharides). In Cordylus vittifer basophils, 
Pienaar (1962) reported positive reactions for PAS tests 
but negative results for peroxidase, Sudan black B and 
Peulgen (granule) tests. Caxton-Martins (1977) found that 
basophils' of an unspecified "ghecko" were positive with 
Sudan black B. Desser (1978) noted that Sphenodon 
punctatus basophils were positive for PAS but negative for 
peroxidase, alpha-naphthol acetate esterase, acid 
phosphatase and alkaline phosphatase. Subsequent 
ultrastrucutral studies of Sphenodon punctatus basophils by 
Desser and Weller (1979a) yielded positive results for 
beta-glycogen particles using the PA-TSC-Ag protein 
(periodic acid thiosemicarbazide silver proteinate) 
technique.
Very little is known of reptile basophil function. 
Early authors viewed basophils merely as immature or 
"unripe" eosinophils (Jordan and Flippin, 1913; Bernstein, 
1938). Although incorrectly asserting that basophils arose 
from lymphocytes, Pienaar (1962) refuted this theory, 
stressing the more modern belief that basophilic and 
eosinophilic granulocytes are different developmental 
series.
Quantitation of reptile basophils has been subject to 
many variables. Michels (1938) observed that numbers of
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basophils or "mast cells" in the peripheral blood of 
reptiles were generally much higher than in mammals. Some 
recent studies have tended to corroborate this conclusion. 
For example, Kelly et al. (1961) found 7.8% basophils in
the differential leukocyte count of Phrynosoma cornutum.
In contrast, other recent differential counts (thrombocytes 
not included) have yielded the following basophil 
percentages: 0.5% in Bitis arietans (Otis, 1973), 4.3% in
Crotalus cerastes (MacMahon and Hamer, 1975), and 1.5% in 
Sphenodon punctatus (Desser, 1978). Efrati et al. (1970)
found absolute "mast cell" numbers of 1.1-2.5 X 1 0 3 of 
peripheral blood in Agama stellio.
Neutrophils
A fourth type of granular leukocyte was reported in 
the early part of the twentieth century. The "neutrophil" 
was considered a separate cell type from the acidophilic 
granulocytes.
Alder and Huber (1923) (cited by Jordan [1938]), 
mentioned 10.0-11.0 micrometer "neutrophils" with bilobed 
nuclei in Podacris muralis. In Anguis frag.ili s , Loewenthal 
(1931) described 10.0-13.0 micrometer round 
"neutrophiloides" with bilobed or segmented nuclei and 
abundant violet granules. Slonimski (1934) noted similar 
"lymphocytes neutrophiloides" in Russell's viper Vipera 
russelli and the python Python regius. Wood (1935) found 
that Tarentola mauritanica had "neutrophil leucocytes" with 
oval or indented nuclei, "oxyphilic" cytoplasm and
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non-refractile purple or neutrophilic granules. In Testudo 
geometrica, Bernstein (1938) observed 16.0 X 18.0 
micrometer "neutrophil(s)" with lilac cytoplasm containing 
granules and vacuoles. Jordan (1938) reported that 
Terrapene Carolina and Phrynosoma solare "neutrophiles" had 
lobed nuclei and vacuolated cytoplasm with "amphophilic" 
granules.
Pienaar (1982) reported "neutrophil granular 
leucocytes" in Cordylus vittifer. Clearly differentiated 
only with Leishman or Leishman-Giemsa stains, these oval
14.0-16.0 micrometer cells had eccentric, pale blue oval 
nuclei, and large angular lilac or magenta granules 
arranged so rims of intergranular cytoplasm were clearly 
visible. In Iguana iguana, Acuna (1973) described
13.0-22.0 micrometer "granulocitos neutrofilos" with 
segmented nuclei and sky-blue or pink finely granular 
cytoplasm Frye (1977) characterized reptile neutrophils in 
general as cells with oval nuclei and cytoplasm filled with 
"basophilic, eosinophilic and azurophilic granules and 
fibrillar strands".
Cytochemical studies of neutrophils were limited to 
Cordylus vittifer, in which Pienaar (1962) described 
"variable" peroxidase reactions and negative results for 
the Sudan black B tests. Frye (1981) stated that in 
general reptile neutrophils had alkaline phosphatase and 
peroxidase activity.
Few data are available on neutrophil numbers in the
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circulating blood. Wood (1935) found 7.0% neutrophils in 
normal Tarentola mauritanica. Frye (1978) declared that 
reptile neutrophils comprised 3.0-7.0% of the differential 
count, and Rosskopf (1982) noted 0.0-3.0% neutrophils in 
leukograms of the tortoise Gopherus agassizi. These 
findings supported the early contention of Jordan (1938) 
that these cells constitute a very low percentage of 
reptile leukocytes. In contrast, Pienaar (1962) found up 
to 11.8% "neutrophil granular leucocytes" in Cordylus 
vittifer and Rosskopf et al . (1982) noted 0.0-15.0% and 
0.0-20.0% neutrophils in Boa (formerly Constrictor) 
constrictor and several Python spp., respectively.
Lymphocytes
Lymphocytes have been described in reptile blood since 
the early days of hematology. The morphologic description 
and classification of lymphocytes, unlike many other 
reptile leukocytes, have been remarkably uniform.
The close resemblance of reptile lymphocytes to their 
mammalian counterparts was often noted (Jordan, 1938; 
Pienaar, 1962; Andrews, 1965). Typical features as scanty 
smooth pale blue to gray blue cytoplasm were described in 
the lymphocytes of many reptiles (Charipper and Davis,
1932; Wood, 1935; Desser, 1978). The cytoplasm usually 
encircled the nucleus as a narrow peripheral rim in smaller 
lymphocytes. Larger lymphocytes had more abundant 
cytoplasm. In some reptiles as several pseudemyd turtle 
species, the lymphocytes had smooth cell outlines (Heady
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and Rogers, 1962). Other species, as Cordylus vittifer 
(Pienaar, 1962) and Crotalus cerastes (MacMahon and Hamer, 
1975) had irregular cell outlines with frequent bleb-like 
cytoplasmic protusions.
The appearance of cytoplasmic azurophilic granules and. 
clear vacuoles in reptile lymphocytes has been reported 
(Charipper and Davis, 1932; MacMahon and Hamer, 1979). In 
Iguana iguana, Acuna (1973) found variable numbers of 
azurophilic granules in the 18.0 micrometer "linfocitos 
grandes".
Descriptions of lymphocyte nuclei have been relatively 
uniform mentioning large, round, dark blue to violet nuclei 
whose shapes usually followed the contours of the cells.
In Testudo geometrica, Bernstein (1938) noted 6.0 X 6.0 
micrometer mean nuclear dimensions. Girod and Lefranc 
(1958) found that in Testudo graeca, "petits lymphocytes" 
and "grandes lymphocytes" nuclei averaged 5.5 and 5.5-7.5 
micrometers, respectively. Nuclei were generally centrally 
located. In some reptiles, as Crotalus cerastes, nuclei of 
large lymphocytes were often eccentric (MacMahon and Hamer, 
1975). Chromatin was usually described as dense, dark blue 
to purple and coarsely clumped (Charipper and Davis, 1932). 
In contrast, Acuna (1973) found homogeneous chromatin in 
Iguana iguana lymphocytes. MacMahon and Hamer (1975) 
reported that in Crotalus cerastes, large lymphocytes had 
"less dense", "often indented" nuclei with "a fine network 
of chromatin."
31
Some researchers distinguished only one type of 
lymphocyte in the peripheral blood (Wood (1935; Bernstein, 
1938). Taylor and Kaplan (1961) found Pseudemys scripta 
lymphocytes with mean cell diameters of 6.7 X 1.4 
micrometers. In other pseudemyd turtles investigated by 
Heady and Rogers (1962), the lymphocytes were considered 
one group whose diameters ranged from 6.0-15.0 micrometers. 
Six to 10 micron lymphocytes were observed in peripheral 
blood of Agama stellio (Efrati et a l ., 1970). More 
recently a single lymphocyte class with diameter ranges of 
9.3-14.2 micrometers was described in Sphenodon punctatus 
(Desser and Weller, 1978).
The majority of researchers divided the reptile 
lymphocytes into subclasses depending on cell size and 
appearance. Classes of "large" and "small" lymphocytes 
were noted in various squamate and chelonian species 
(Jordan and Flippin, 1913; Girod and Lefranc, 1958; Otis, 
1973; Frye, 1978).
A somewhat more common classification scheme has been 
three subdivisions of the lymphocyte group (Jordan, 1938). 
Jordan and Speidel (1928) mentioned "small", "medium-sized" 
and "large" lymphocytes (also called "hemocytoblasts") in 
Phrynosoma solare. In Cordylus vittifer, Pienaar (1962) 
distinguished 5.5-10.0 micrometer "small" lymphocytes,
10.0-14.5 micrometer "medium-si zed" lymphocytes and "large" 
lymphocytes with a diameter greater than 14.5 micrometers.
These classifications of lymphocytes into various size
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groups have been termed "most often arbitrary" by St.
Girons (1970).
Few ultrastructural evaluations of reptile lymphocytes 
have been carried out. Taylor and Kaplan (1961) observed 
lymphocytes of Pseudemys scripta with TEM. These cells had 
a mean size of 6.7 micrometers with uneven outlines and 
abundant cytoplasmic granules, vacuoles, endoplasmic 
reticulum and mitochondria. The round nuclei averaged 4.7 
micrometers and had irregular outlines and diffusely 
clumped chromatin.
Zapata et al. (1981) studied Podacris hispanica bone 
marrow lymphoctyes. They reported features as large nuclei 
with condensed chromatin and scanty cytoplasm with abundant 
ribosomes.
Histochemical studies of reptile lymphocytes are quite 
scarce. Horii et a l . (1951) found that lymphocytes of 
Eumeces latiscutatus, Elaphe climacophora and Mauremys 
japonica were positive for acid phosphatase but only 
Mauremys lymphocytes were positive for alkaline 
phosphatase. In Cordylus vittifer, Pienaar (1962) noted 
that lymphocytes were negative for peroxidase and neutral 
fats (Sudan black B) but positive for glycogen (PAS).
Methyl green-pyronin stains of these lymphocytes resulted 
in bright pink cytoplasmic staining, indicating the 
presence of large amounts of ribonucleic acid (RNA).
Motility of reptile lymphocytes has been noted by 
various workers. For example, Taylor and Kaplan (1961)
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found that pseudemys scripta lymphocytes were "actively 
amoeboid" with "pseudopodia (that were) elongated and 
thread-like". Pienaar (1962) reported that Cordylus 
vittifer lymphocytes exhibited slow locomotion by extension 
of single broad cytoplasmic pseudopods with subsequent 
dragging forward of the nuclei and remaining cytoplasm 
("hand-mirror" configuration).
The general consensus until recently was that 
lymphocytes functioned as progenitors for other blood cells 
such as granulocytes, monocytes, thrombocytes and 
erythrocytes (Jordan and Flippin, 1913; Alder and Huber, 
1923; Jordan and Speidel, 1929; Pienaar, 1962). Alder and 
Huber (1923) (cited by Pienaar [1962]) used 
"haemocytoblast" and Jordan (1938) employed "lymphoid 
hemoblast" to refer to lymphocyte-like cells in various 
reptiles. Some authors even assigned specific roles to 
different-sized lymphocytes, i.e. Pienaar (1962) stated 
that while small lymphocytes differentiated into 
thrombocytes, medium-sized lymphocytes eventually gave rise 
to other leukocyte types.
It is now known that reptile lymphoid cells function 
like those of other vertebrates in cell-mediated and 
humoral immunity. Typical cell-mediated responses as 
first-set allograft rejection have been observed in 
numerous reptiles (Tam et al., 1976). Acute and chronic 
graft-versus-host responses to allogeneic spleen cells were 
demonstrated in young snapping turtles Chelydra serpentina
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(Borysenko and Tulipan, 1973). Similar reactions occurred 
against skin allografts in the iguana Ctenosura pectinata 
(Cooper and Aponte, 1968). A variety of mononuclear 
leukocytes including numerous small- and medium-sized 
lymphocytes and plasma cells were predominant in early 
stages of skin allograft rejection in the garter snake 
Thamnophis sirtalis (Tereby, 1972). Macrophages were the 
most numerous cell in later stages.
The production of serum immunoglobulins to various 
antigens by various reptile orders has been studied 
extensively (Evans et al., 1965). Borysenko (1978) stated 
that most reptiles were capable of producing both primary 
and secondary humoral responses. Ambrosius (1976) reviewed 
this topic and declared that most reptiles were capable of 
producing at least two or three types of immunoglobulins 
(IgM and an igG-like molecule). In some reptiles as the 
turtles Chrysemys picta (Grey, 1963) and Emys orbicularis 
(Lysakis, 1968) production of immunoglobulins was phasic 
with initial IgM-like molecule production superseded by 
IgG. A secretory IgM-like antibody has been observed in 
Thamnophis sirtalis (Portis and Coe, 1975).
Ambrosius (1976) stated that antibody-producing cells 
in the tortoise Agrionemys horsfieldi were found in 
peripheral blood and especially in the spleen. 
Ultrastructural examination of spleen revealed numerous 
cells resembling mammalian plasma cells. Borysenko (1976) 
also examined immunized turtle spleen (Chelydra serpentina)
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and observed typical mature plasma cells with abundant 
endoplasmic reticulum and condensed nuclear chromatin. He 
concluded that these cells were antigen-responsive by 
production of immunoglobulins. Similar mature plasma cells 
were noted by Zapata et a l . (1981) in the bone marrow of 
Podacris hispanica.
Earlier light microscopic studies had indicated 
presence of plasma cells in reptile tissues. For example, 
Jordan and Speidel (1929) observed these cells in the 
spleen of Phyrnosoma solare and Pienaar (1962) reported 
them in the lung and spleen of Cordylus vittifer.
Plasma cells have been detected as unusual elements of 
the peripheral blood. In Cordylus vittifer, Pienaar ( 1962) 
noted that they constituted less than one percent of the 
differential leukocyte count. MacMahon and Hamer (1975) 
"rarely" observed plasma cells in the blood of Crotalus 
cerastes. St. Girons (1970) stated that plasma cells were 
generally "rare" in reptile blood. Frye (1981) concluded 
that they ". . . rarely exceeded 0.5% of the total 
leukocyte count . . . " i n  healthy reptiles.
Application of standard immunological investigative 
techniques to reptile lymphocytes has provided strong 
evidence that these cells, like those of birds and mammals, 
are divided into B- and T-lymphocytes. Fiebig and 
Ambrosius (1976) studied lymphocytes from spleen, blood and 
thymus of Agrioemys horsfieldi by labelled antisera 
techniques. They found that immunoglobulin (IgM, IgY)
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monomers were present on the surface of spleen and blood 
lymphocytes but absent on thymocytes.
Utilizing complement-dependent cytotoxicity assays, 
Mansour et a l . (1980) found that specific rabbit anti-snake 
thymocyte serum caused much more extensive lysis of 
thymocytes than of peripheral blood lymphocytes or spleen 
cells of the snake Spaelerosophis diadema. Indirect 
immunofluorescence using anti-snake-gamma-globulin was 
negative with thymocytes but positive for a large 
percentage of spleen cell and blood lymphocytes.
Similar immunofluorescence techniques were applied to 
Agama stellio cells by Negm and Mansour (1982), who found 
that 44.0% of bone marrow lymphocytes, 29.0% of splenic 
lymphocytes and 25.0% of peripheral blood lymphocytes but 
only 7.0% of thymocytes had surface membrane Ig 
determinants.
Possible subdivision of thymus lymphocytes into 
"helper" and "regulator" populations in the lizard Calotes 
versicolor has been suggested by Muthukkaruppan et al. 
(1976) who observed the effects of anti-thymocyte serum on 
anti-sheep erythrocyte plaque-forming cells.
Lymphocyte counts in peripheral blood of normal 
reptiles have been difficult to obtain due to numerous 
biological and technical variables. Some workers stated 
that in active reptiles, lymphocytes comprised the largest 
percentages of the differential leukocyte counts (St.
Girons and Duguy, 1963; Duguy, 1970). DincS (1969)
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observed that lymphocytes were the most abundant leukocytes 
in peripheral blood of the turtle Emys orbicularis. Recent 
observations (thrombocytes not included) that support this 
view are the 81.5% lymphocytes found in Bitis arietans 
(Otis, 1973), 64.5% lymphcoytes found in Crotalus cerastes 
(MacMahon and Hamer, 1975) and 70.0% lymphocytes found in 
Sphenodon punctatus (Desser, 1978). In addition, Efrati et 
a l . (1970) found absolute lymphocyte numbers of
1.5-3.2 X 103 of peripheral blood in Agama stellio; the 
highest value of this range exceeds numbers of other 
leukocytes noted from this species.
Monocytes
Although there is confusion regarding nomenclature and 
classification, reptile monocytes have been morphologically 
described in similar terms by most researchers. These 
cells were characterized as large and round to oval.
Jordan and Speidel (1929) found that in Phrynosoma solare, 
monocytes had blunt cytoplasmic projections and undulating 
cell contours. Within a given species, monocytes tended to 
be the largest leukocytes (Taylor and Kaplan, 1961; Acuna, 
1973; Otis, 1973).
Confusion has resulted from the use of the term 
"azurophil" by certain early authors to denote monocytes. 
Pienaar (1962) examined Cordylus vittifer and many other 
reptile species and distinguished "azurophil granular 
leucocytes", a very heterogenous group with numerous 
morphologic and cytochemical subtypes. He concluded that
this distinct "azurophil" group had " . . .  features 
characteristic of . . . the typical mammalian monocyte or 
large mononuclear series . . but also had " . . .
highly differentiated nature and specialized function 
. . .". Retaining Pienaar's classification, St. Girons
(1970) mentioned "azurophilic granulocytes" as a 
poorly-differentiated group of reptile leukocytes. Similar 
terminology was employed by Will (1978) who noted in 
lacertid lizards "mononuclear and polymorphonuclear 
azuorphils" that he presumed corresponded to human 
monocytes. In addition to "grands" and "petits 
mononucleaires", Loewenthal (1931) described in Anguis 
fragilis scarce 15.0-16.5 micrometer cells with large 
nuclei and "azurophilic" granules which he considered 
"macrolymphocytes".
Actual monocyte dimensions varied from species to 
species. Monocytes of several squamates and chelonians 
ranged from 11.0-16.0 micrometers (Taylor and Kaplan, 1961; 
Efrati et al, 1970). Larger monocytes have also been 
reported, as the 15.0 X 30.0 micrometer cells of Testudo 
geometrica (Bernstein, 1938) and the 15.0-20.0 micrometer 
cells of Bitis arietans (Otis, 1973). Very large monocytes 
include the 25.0 micrometer cells of Iguana iguana (Acuna, 
1973) and the 20.1 micrometer monocytes of Sphenodon 
punctatus (Desser, 1978). In Testudo geometrica, monocyte 
cytoplasm was "abundant" (Bernstein, 1938). Desser (1978) 
remarked on the large cytoplasminucleus ratio in Sphenodon
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punctatus monocytes. The usually abundant cytoplasm was 
pale to dark blue or blue-violet with routine Romanowsky 
stains.
Variation in monocyte cytoplasmic inclusions has been 
reported. Certain pseudemyd turtle species lacked 
cytoplasmic granules in their monocytes (Charipper and 
Davis, 1932; Taylor and Kaplan, 1961; Heady and Rogers,
1962) .
However, most workers have reported varying numbers of 
cytoplasmic "azurophilic" granules in reptile monocytes 
(Jordan, 1938, Acuna, 1973). Wood (1935) described "fine" 
granules in monocytes of Tarentola mauritanica. In various 
squamate reptiles, Ryerson (1949) noted that "reddish 
granulation" was usually localized at one pole of the cell 
but could also be randomly scattered.
Cytoplasmic vacuoles have been noted. In addition to 
"granulations azurophiles", Podacris muralis monocytes 
contained "vacuoles incolorables" (Sabrezes and Muratet, 
1924). Jordan and Speidel (1929) noted a clear circular 
perinuclear zone in the monocytes of Phrynosoma solare. 
Taylor and Kaplan (1961) observed that in Pseudemys scripta 
monocytes, "crescent-shaped" vacuolations were frequently 
adjacent to nuclei. Peripheral vacuoles were noted in many 
monocytes of Crotalus cerastes (MacMahon and Hamer,
1975).
Descriptions of monocyte nuclei have been relatively 
consistent stressing the "kidney-shape" and usually
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eccentric location. Bernstein (1938) reported mean nuclear 
diameters of 10.0 X 10.0 micrometer in Testudo geometrica. 
With routine Romanowsky stains, nuclei were "violet" in 
monocytes of Terrapene Carolina (Jordan and Flippin, 1913) 
and Pseudemys elegans (Charipper and Davis, 1932).
Crotalus cerastes had deep blue nuclei and rather dispersed 
non-clumped chromatin (MacMahon and Hamer, 1975). In 
contrast, Acuna (1973) found distinct chromatin bands in 
Iguana iguana monocytes.
Ultrastructural.characterizations of reptile monocytes 
are scanty. Taylor et a l . (1963) examined monocytes of 
Pseudemys scripta with transmission electron microscopy and 
reported round cells with "spike pseudopodia", abundant 
endoplasmic reticulum and ellipsoidal mitochondria. The 
round or indented nuclei had a distinct nucleolus and 
condensed heterochromatin.
Cytochemical studies of reptile monocytes are also 
uncommon. Horii et a l . (1951) found that monocytes of 
Elaphe climacophora, Eumeces latiscutatus and Mauremys 
japonica were acid phosphatase-positive while only Mauremys 
monocytes were positive for alkaline phosphatase. The 
"mononuclears" of Emys orbicularis were noted by Dinca
(1969) to be acid phosphatase-positive. Pienaar (1962) 
detailed a complex of contradictory results of 
histochemical tests of various "azurophils". He stated, 
however, that all "azurophil" types were negative for 
peroxidase but diffusely PAS positive in Cordylus vittifer.
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Caxton-Martins (1977) investigated a poorly-defined general 
category of "monocytes" of "gheckos" (no species given) . 
These cells had positive PAS, acid and alkaline 
phosphatase, naphthol-AS-D chloroacetate and Sudan black B 
tests, but were peroxidase negative.
Functional studies of monocytes were more numerous. 
Jordan and Speidel (1928) stated that Phrynosoma solare 
monocytes were "extremely active", and appeared in the 
hepatic peritoneum following intraperitoneal hemorrhage.
In unstained preparations, Taylor and Kaplan (1961) 
observed "weak motility" in Pseudemys scripta monocytes. 
Pienaar (1962) mentioned that Cordylus vittifer 
"azurophils" displayed amoeboid motility.
Phagocytosis by reptile monocytes was reported by 
several workers. Ryerson (1949) declared that the 
monocytes of various squamate reptiles could phagocytize 
large particles as erythrocytes. Based on static 
observations of apparently intra-cellular erythrocytic 
fragments and plasmodial parasites in fixed Cordylus 
vittifer "azurophils", Pienaar (1962) concluded that these 
cells had phagocytic ability. Apparent presence of debris, 
fatty storage vacuoles and erythrocytes within stained 
lacertid lizard "azurophils" led Will (1978) to conclude 
that these cells performed phagocytosis. Actual phagocytic 
function tests were carried out by Efrati et a l . (1970) on 
Agama stellio monocytes. After the lizards received 
intraperitoneal injections of China ink, monocytes took up
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the carbon particles indicating that they were capable of 
phagocytosing particulate matter.
Efrati et al. (1970) found 0.2-0.8 X 103 in the 
circulation of Agama stellio. A few reported monocyte 
differential leukocyte counts were as follows: 1.83% in
Bitis arietans (Otis, 1973), 12.0% in Crotalus cerastes 
(MacMahon and Hamer, 1975) and 10.0% in Sphenodon punctatus 
(Desser, 1978).
Thrombocytes
Although not leukocytes proper, thrombocytes must be 
included in a review of reptile leukocytes because of their 
frequent inclusion in total and. differential leukocyte 
counts and their frequent confusion with lymphocytes. In 
the early literature, thrombocytes were often referred to 
as "spindle cells" (Jordan and Flippin, 1913) and 
"thigmocytes" (Bradley, 1937).
Light microscopic descriptions of these cells have 
been consistent. Jordan and Flippin (1913) noted that in 
Terrapene Carolina, thrombocytes were "of oval or spindle 
form". Wood (1938) described elongated, ovoid thrombocytes 
in Tarentola mauritanica. In Ophisauris apodus (formerly 
ventralis) Jordan (1938) observed "sharply fusiform" 
thrombocytes as well as some with "stoutly oval form".
There have been interspecific variations in 
thrombocyte size. In Testudo geometrica Bernstein (1938) 
observed that thrombocytes had average cell dimensions of
6.0 X 8.0 micrometers. According to Taylor and Kaplan
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(1961), Pseudemys scripta thrombocytes were 6.35 X 15.1 
micrometers. Sphenodon punctatus thrombocytes had mean 
dimensions of 9.0 X 15.2 micrometers (Desser, 1978).
Descriptions of thrombocyte nuclei were rather 
uniform. Wood (1935) observed that in Tarentola 
mauritanica the nuclei were centrally located, oval or 
elliptical, very deeply basophilic and had very abundant 
condensed coarse chromatin. Thrombocyte nuclei of Testudo 
geometrica averaged 4.0 X 4.0 micrometers. In Pseudemys 
scripta, Taylor and Kaplan (1961) found that thrombocyte 
nuclear dimensions were 0.71-1.10 X 4.74-9.65 micrometers.
Unusual characteristics of reptile thrombocyte nuclei 
were distinct longitudinal or even spiral furrows coursing 
along the nuclear long axes. These structures were 
observed in many reptiles including various saurian and 
chelonian species (Jordan, 1938; Ryerson, 1949). In many 
species individual thrombocyte nuclei exhibited not just 
one but several of these depressions or clefts (Taylor and 
Kaplan, 1961; Pienaar, 1962). Pienaar (1962) mentioned 
that Cordylus vittifer thrombocyte nuclei usually had a 
slight "notch" or "indentation" along their lateral 
borders where the clefts met the nuclear peripheries.
There was some variation in descriptions of 
thrombocyte cytoplasm. The delicate nature of the 
cytoplasm with its distinct propensity for rupture and 
dissolution was usually noted (Jordan, 1938; Pienaar,
1962). Most researchers reported narrow oval or elliptical
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rims of light blue or clear cytoplasm surrounding the 
nuclei (Jordan and Flippin, 1938; Wood, 1935; Jordan, 1938; 
Acuna, 1973; MacMahon and Hamer). In contrast, a few 
authors noted pink cytoplasm- in reptile thrombocytes 
(Jordan and Speidel, 1929; Taylor and Kaplan, 1961;
Pienaar, 1962; Efrati et al., 1970).
The presence of cytoplasmic granules and/or vacuoles 
in thrombocytes varied between reptile species. No such 
structures were noted in several turtle species (Jordan and 
Flippin, 1913; Taylor and Kaplan, 1961; Heady and Rogers, 
1962) .
In contrast, Phyrnosoma solare thrombocytes were found 
by Jordan and Speidel (1929) to have "azurophilic 
granules". Wood (1935) noted "one to several bright 
reddish granules" in the thrombocytes of Tarentola 
mauritanica. Pienaar (1962) found thaf'azurophil granular 
inclusions" occurred in varying numbers in different 
species, i.e. they were present in some thrombocytes of 
Cordylus vittifer but were much more frequent in the 
chameleon Chamaeleo dilepis. Pienaar (1962) also stated 
that a single "large acidophilic globule" was often present 
at one end of the thrombocytes of some species, especially 
the Cape terrapin Pelomedusa subrufa (formerly galeata).
Jordan and Flippin (1913) noted "vacuoles" in the 
thrombocytes of Terrapene Carolina. Bradley (1937), 
studying a tortoise (species unknown), mentioned that the 
thrombocytes or "thigmocytes" had "vacuolated edges".
Only a few ultrastructural studies of reptile 
thrombocytes have appeared in the literature. Taylor et 
a l . (1963) observed Pseudemys scripta thrombocytes with TEM 
and reported "lenticular" cells with very abundant round or 
attentuated cytoplasmic vacuoles, oval mitochondria and 
scant endoplasmic reticulum. The "lenticular" nuclei had 
1-3 prominent indentations and indistinct chromatin clumps. 
Efrati et al. (1970) using TEM noted that Agama stellio 
thrombocytes had indented nuclei, cytoplasmic vacuoles and 
"dense core granules". In Sphenodon punctatus, TEM 
examination of thrombocytes revealed cells that were 
closely apposed but whose plasma membranes were distinct. 
These roughly circular cells had "pseudopodia" lacking 
organelles. The cytoplasm around the deeply cleft, oval 
nuclei contained a variety of organelles including 
mitochondria, microtubules and actin-like filaments. The 
most striking cytoplasmic feature was the occurrence of 
variably sized electron-lucent vacuoles which contained 
heterogeneous contents (Desser and Weller, 1979b).
Histochemical studies of reptile thrombocytes are 
quite limited. Thrombocytes of Elaphe climacophora,
Eumeces latiscutatus and Mauremys japonica were variably 
acid phosphatase-positive, but only Mauremys thrombocytes 
reacted positively with alkaline phosphatase (Horii et al., 
1951). In Cordylus vittifer, Pienaar (1962) found that 
thrombocytes were negative for peroxidase and hemoglobin, 
(Lepehne's benzidine test), weakly positive for neutral
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fats (Sudan black B) and very strongly positive for 
glycogen (PAS). This was corroborated by Desser and Weller 
(1979b), who found abundant glycogen particles in Sphenodon 
punctatus thrombocytes observed with TEM after staining by 
the periodic acid-thiosemicarbazide silver protein 
(PA-TSC-Ag) technique.
Few specific functional studies of reptile thrombo­
cytes have appeared in the literature. Observing unstained 
preparations of Pseudemys scripta blood, Taylor and Kaplan
(1961) found that thrombocytes did not exhibit motility.
In contrast, Pienaar (1962) stated that Cordylus vittifer 
thrombocytes had "amoeboid motion" (experimental technique 
unclear). Agama stellio thrombocytes observed with phase 
microscopy were noted to move by pseudopod extension 
(Efrati et al., 1970).
Frye (1981) declared that reptile thrombocytes could 
perform "active phagocytosis", apparently based on 
observation of bacteria, debris and heme within the 
cytoplasm of fixed cells on blood films.
However, the major role of thrombocytes was considered 
to be in blood clotting and hemostasis. Numerous authors 
as referred to these cells as the analogues of mammalian 
platelets (Jordan and Flippin, 1913; Bradley, 1937).
Jordan and Speidel (1929) stated that in Phyrnosoma solare, 
thrombocytes were " . . .  intimately related to thrombus 
formation, . . .". Pienaar (1962) stressed the resemblance 
of Cordylus vittifer thrombocytes to mammalian platelets
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and megakaryocytes.
Supporting his contentions was the observation by 
Pienaar (1962) that smears of clotted reptile blood 
contained few thrombocytes while smears of clots themselves 
were composed of great numbers of thrombocytes. Pienaar 
also remarked on the tendency of thrombocytes in routine 
blood films, to aggregate in small groups or clusters. 
Separated fractions of Pseudemys scripta thrombocytes were 
shown by Belamarich et a l . (1966) to aggregate into clots 
upon addition of turtle thrombin.
More recently, Desser and Weller (1979b) studied 
Sphenodon punctatus thrombocytes with TEM and reported many 
features reminiscent of mammalian platelets, as perinuclear 
microtubules, actin-like filaments, electron-lucent 
cytoplasmic vacuoles and lack of peripheral organelles.
Most published data on actual thrombocyte numbers in 
peripheral reptile blood are available only as indirect 
calculation from total leukocyte percentages. Bernstein 
(1938) observed that Testudo geometrica thrombocytes 
composed 12.8% of a total leukocyte count of 4 5.5 X 
103/mm3 . in various squamate reptiles, Ryerson (1949) 
noted that thrombocytes constituted 39.4-55.1% of total 
leukocyte counts ranging from 25.6-48.5 X 103/mm3 .
Other authors did not include thrombocytes in the 
total leukocyte count, but expressed their numbers 
separately as "per 100 leukocytes". Thus, Pienaar (1962) 
stated that Cordylus vittifer had 37-60 thrombocytes per
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100 leukocytes; from these figures, he extrapolated 
absolute counts of 10.0-19.5 X 10^. in Sphenodon 
punctatus, Desser (1978) counted 46 thrombocytes per 100 
leukocytes.
Counting cells with a modified Neubauer hemocytometer 
and phase contrast microscopy, Efrati et al . (1970) 
enumerated 40.0-45.0 X 103/mm3 thrombocytes in Agama 
stellio.
Leukocyte Counts
The quantitation of reptile leukocytes was 
historically an area of confusion. Although a number of 
reports on total and differential leukocyte counts appeared 
in the literature, there was little uniformity.
Methodology varied greatly from author to author.
Some early investigators published only one of the two 
hematological values. Wells and Sutton (1915) mentioned an 
average total count of 23.8 X 103/mm3 in a chrysemyd 
turtle, while Wood (1935) listed only a differential count 
in Tarentola mauritanica.
Absence or presence of thrombocytes in leukograms was 
a major cause of variation. Many early researchers tended 
to include thrombocytes in their total and/or differential 
counts. For example, Ryerson (1943) mentioned that 
thrombocytes constituted 39.4-55.1% of total WBC counts of
25.6-50.2 X 103/mm3 in various squamate species, and 
Bernstein (1938) noted that thrombocytes were 12.8% of a 
total of 45.5 X lO^/mm^ WBC in Testudo geometrica.
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Rabelais (1938) reported WBC values of 55.0-220 X 
103/mm3 in various Louisiana snakes and the common 
anole Anolis carolinensis. Although he mentioned the 
existence of "elongated cell(s) "with basophilic, oval 
nucle(i)" which he speculated might be thrombocytes, no 
differential counts were given. Thus, it is impossible to 
calculate indirectly the true total leukocyte value.
Some recent researchers apparently excluded 
thrombocytes from leukocyte enumerations, as these cells 
did not occur in the differentials provided along with the 
total leukocyte counts. MacMahon and Hamer (1975) reported
10.7-23.0 X 103 WBC/mm3 in Crotalus cerastes, Rosskopf 
( 1982) noted 3.0-8.0 X 103 WBC/mm3 in Gopherus agassizi 
and Rosskopf et al. (1982) reported 4.0-10.0 X 103 
WBC/mm3 in Boa constrictor and 6.0-12.0 X 103 WBC/mm3 
in three python species. No mention of thrombocytes in 
text or differential counts was made in these 
contributions.
Many modern authors clearly established the position 
that thrombocytes held in their leukocyte counts. For 
example, Efrati et al. (1970) provided separate thrombocyte 
counts of 40.0-45.0 X 103/mm3 in addition to the total 
leukocyte counts of 6.0-10.0 X 103/mm3 that they 
observed in Agama stellio. Otis (1973) explicitly stated 
that thrombocytes were excluded from the 18.5 X 103/mm3 
mean total WBC counts found in Bitis arietans.
A second major problem encountered in the quantitation
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of reptile leukocytes was disagreement as to exact types of 
reptile leukocytes. Girod and Lefranc (1958) found only 
two cell types (lymphocytes, and "granulocytes") in Testudo 
graeca whereas Pienaar (1-962) listed fifteen separate kinds 
of cells in his differential counts in Cordylus vittifer.
In addition to the problems of nomenclature and 
methodology, other sources of leukocyte count variation 
were reported to be biological factors such as sex.
Pienaar (1962) noted higher leukocyte counts in male 
Cordylus vittifer. St. Girons and Duguy (1963) found 
greater percentages of lymphocytes in female asps vipera 
aspis and adders Vipera berus. Pienaar (1962) and Acuna 
(1973) found increased percentages of basophils in male 
versus females Cordylus vittifer and Iguana iguana, 
respectively.
Variations due to season were also considered 
important. In the Indian monitor lizard Varanus 
bengalensis, hibernating (winter) specimens had 12.5 X 
lO^WBC/mm^ versus 30.5 X lO^WBC/mm^ in active 
(summer) animals; the difference in these values was 
statistically significant (Sinha and Choubey, 1975). The 
grass snake Natrix natix had winter leukocyte counts of 5.4 
X 103/mm3 and summer counts of 1.56 X lO^/mm^
(Binyon and Twigg, 1965). St. Girons and Duguy (1963) 
noted that Anguis fragilis leukocyte counts reached 
maximums of 30.0 X 103/mm3 in the winter.
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Seasonal influence on the differential leukocyte count 
have also been mentioned. In Varanus bengalensis, Sinha 
and Choubey (1975) observed maximum lymphocytes (73.0%) and 
mininum eosinophils (9.0%) in summer; winter animals had 
65.0% lymphocytes and 21.0% eosinophils. Duguy (1970), 
discussing a variety of European reptiles, reported 
conflicting values: in these species, eosinophils
percentages were increased in summer, while lymphocytes and 
heterophils were decreased. Winter values were just the 
opposite.
Other poorly defined influences on reptile leukograms 
included age (Pienaar, 1962), and pregnancy and molting 
(St. Girons and Duguy, 1963).
In addition to these more-or-less normal physiological > 
or environmental parameters, various pathologic factors may 
influence reptile leukocyte counts. Intestinal parasitism 
was considered a common cause of eosinophilia in numerous 
reptiles (Pienaar, 1962; Rosskopf, 1982). Elevations in 
"granulocytes" were noted by Wood (1935) in Tarentola 
mauritanica with hematozoan parasites (including the 
intraerythrocytic iridovirus formerly known as pirhemocyton 
[Lunger and Clark, 1978]) as well as intestinal nematodes. 
Various granulocytes in snakes and tortoises were reported 
to be readily elevated in "inflammatory conditions" 




Most references to crocodilian leukocytes are 
incomplete. Early authors did not distinguish between two 
types of acidophilic granulocytes. Metchnikoff (1901) 
commented that Alligator mississippiensis had peripheral 
leukocytes with "eosinophilic granulations" and unlobulated 
nuclei. He termed these cells "microphages" due to their 
presumed phagocytic properties. Although he also made 
passing reference to poorly-defined "neutrophilo'ides", 
Slonimski (1935) described only one type of "eosinophile" 
in the Cuban crocodile Crocodylus (formerly Crocodilus) 
rhombifer. However, he noted that some "dosinophiles" had 
"arrondies" (round) granules while in other cells the 
granules were "allongees" (elongated) and "cristalloide".
In more recent literature, the two cell types were 
considered distinct. Ryerson (1943) described 
"heterophiles" with rod-shaped granules in Alligator 
mississippiensis, and Pienaar (1962) noted "Type 1 
eosinophils" with "slender", "crystalloid" granules in 
"rosette arrangement" as well as unsegmented nuclei in 
Crocodylus (formerly Crocodilus) niloticus.
Cell sizes were recorded by a few authors. St. Girons
(1970) mentioned average diameters of 16.25 micrometers in 
Crocodylus niloticus "eosinophilic granulocytes" and 
Castellanos (1973) found 13.6 micrometer "heterdfilos" in 
Crocodylus rhombifer. Glassman et al. (1981) described
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"neutrophilic macrophages" or "heterophils" in Alligator 
mississippiensis with average cell diameter of 16.5 
micrometers. The oval unsegmented nuclei had average 
diameters of 7.3 X 5.7 micrometers.
Alligator mississippiensis "neutrophilic macrophages" 
observed by Glassman et a l . (1977b) with transmission 
electron microscopy had electron dense granules reminiscent 
of those in human myelocytic cells.
Cytochemical studies of "granulocytes" of an 
unspecified "crocodile" were performed by Caxton-Martins 
(1977), who noted variable positive reaction for acid 
phosphatase, PAS, Sudan black B and beta-glucuronidase 
tests. Results were negative for peroxidase and alkaline 
phosphatase tests. In Alligator mississippiensis, however, 
heterophils were positive for peroxidase, alkaline 
phosphatase and PAS tests (Glassman et al., 1981).
Heterophils of normal Alligator mississippiensis have 
comprised 34.0% (Glassman and Bennett, 1978b), 36.6% 
(Glassman et a l ., 1977a) and 37.4% (Glassman et a l ., 1981) 
of the leukocyte differential count. Gorden and Esch 
(1977) found 67.9% "polys" in 0.5 year old Alligator 
mississippiensis, 51.8% in 1.5 year olds and 59.5% in 2.5 
year olds.
In Alligator mississippiensis experimentally infected 
with Aeromonas hydrophila, heterophil percentages rose from 
37.4% to 72.9%, but returned to control values in animals 
which recovered from clinical disease (Glasman and Bennett,
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1978a). Glassman et a l . (1981) theorized that the 
heterophils had "phagocytic" function in alligator disease 
states.
Eosinophils
In Alligator mississippiensis, Reese (1917) observed 
"eosinophiles" with large coarse granules and eccentric 
oval nuclei, but did not clearly distinguish these cells as 
a unique cell type. Similar cells were noted in Alligator 
mississippiensis by Ryerson (1943) who stated that these 
"eosinophiles" were separate entities. In Crocodylus 
niloticus, "Type 2 eosinophils" were described by Pienaar
(1962) as oval cells with polar circular dark blue nuclei 
and large globular granules spaced so that the pale blue 
intergranular cytoplasm was clearly visible. Glassman et 
al. (1981) noted that the eosinophils of Alligator 
mississippiensis were packed with "angular inclusions" that 
were yellow-orange with Wright-Giemsa stain.
Mean cell sizes of 15.3 micrometers were given by 
Castellanos (1973) for Crocodylus rhombifer "eosin6filos" 
with bilobed nuclei and numerous large acidophilic 
granules. For Alligator mississippiensis eosinophils, 
Glassman et a l . (1981) found mean cell diameters of 12.5 
micrometers and mean nuclear dimensions of 7.7 X 3.4 
micrometers.
Control Alligator mississippiensis eosinophil 
differential percentages have ranged from 5.1% (Glassman et 
al., 1977) to 10.0% (Glassman and Bennett, 1978b) to 5.5%
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(Glassman et al., 1981). Gorden and Esch (1977) noted 
higher eosinophil percentages in young alligators: 10.1%
in 0.5 year olds, 12.5% in 1.5 year olds and 10.7% in 2.5 
year olds.
Elevations of eosinophilic percentages (from 5.0% to 
60.0%) were reported in Alligator mississippiensis which 
harbored oral and cutaneous Placobdella multilineata leech 
infestations (Glassman et a l ., 1978). As removal of 
leeches led to gradual decreases (to 10.0%) of eosinophil 
percentages, Glassman et a l . (1979) theorized that these 
parasites were the primary cause of the eosinophilia.
Basophils
There were very few descriptions of crocodilian 
basophils in the early literature. One of the first 
citations is of "basophiles" in Crocodylus rhombifer 
(Slonimski, 1935). Pienaar (1962) noted distinctive "mast 
leukocytes" with round, basophilic and metachromatic 
granules in Crocodylus niloticus. Castellanos (1973) 
briefly mentioned the presence of "basc5filos" in peripheral 
blood of Crocodylus rhombifer. Glassman et a l . (1981) 
reported typical "dark purple granules" that partly covered 
the nucleus of Alligator mississippiensis basophils.
The few size determinations for these leukocytes 
included the statement by St. Girons (1970) that mean 
diameter of "basophilic granulocytes" in the spectacled 
caiman Caiman crocodilus was 13.5 micrometers. In 
Alligator mississippiensis, basophils averaged 11.9
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micrometers in diameter with 5.4 micrometer nuclei 
(Glassman et al., 1981).
Baseline Alligator mississippiensis basophil 
differential counts included 1.9% (Glassman et a l ., 1977a), 
3.7% (Glassman et a l . , 1981) and 4.0% (Glassman and 
Bennett, 1978b). Gorden and Esch (1977) reported higher 
percentages in Alligator mississippiensis, i.e., 4.7% in 
0.5 year old animals, 20.5% in 1.5 year olds and 14.2% in
2.5 year olds.
Lymphocytes
Descriptions of crocodilian lymphocytes have conformed 
with descriptions of their counterparts in birds and 
mammals. Reese (1917) found in Alligator mississippiensis 
leukocytes with "very large" nuclei and "very thin 
peripheral zones of protoplasm" which he tentatively 
identified as lymphocytes. Pienaar (1962) mentioned 
abundant "medium" and "small" lymphocytes in the peripheral 
blood of Crocodylus niloticus, some of which had 
"azurophilic inclusions". Glassman et al. (1981) described 
Alligator mississippiensis lymphocytes with blue cytoplasm 
containing a few granules and round nuclei with clumped 
"reticulated" chromatin.
Mean cell dimensions for Alligator mississippiensis 
lymphocytes were 12.8 micrometers with mean nuclear 
diameters of 10.1 micrometers (Glassman et al ., 1981).
The few reported cytochemical studies included those 
of Caxton-Martins (1977), who studied "crocodile" (no
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species given) lymphocytes. These cells were negative for 
PAS, peroxidase, acid and alkaline phosphatase and 
beta-glucuronidase tests.
The few available quantitative data on crocodilian 
lymphocytes include the following differential percentages 
in Alligator mississippiensis; 48.0% (Glassman and 
Bennett, 1978b), 50.6% (Glassman et al., 1981) and 52.4% 
(Glassman et al . , 1977a). Gorden and Esch ( 1977) studied 
various Alligator mississippiensis age groups and found the 
following lymphocyte differential percentages: 16.4% in
0.5 year old animals, 14.0% in 1.5 year olds and 14.5% in
2.5 year olds.
Functional studies of crocodilian lymphocytes were 
reported by Metchnikoff (1901) who noted that Alligator 
mississippiensis kept at 37°C produced "antitoxins" to 
tetanus and cholera toxins. Lerch et a l . (1967) found that 
young Alligator mississippiensis produced at least two 
distinct types of circulating immunoglobulins when 
challenged with key-hole limpet hemocyanin.
Immunoglobulins of Alligator mississippiensis were 
further characterized by Saluk et al. (1970) who reported 
that kappa and lambda-like light chains partly comprised 
these molecules.
Recent studies provided evidence that crocodilian 
lymphocytes (or their derivative plasma cells) produce 
immunoglobulins and perform other typical immune functions. 
Cuchens and Clems (1979a) discovered that peripheral blood
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lymphocytes of Alligator mississippiensis underwent in 
vitro mitogenesis stimulated both by classical T-lymphocyte 
mitogens as conconavalin A (ConA) and phytohemagglutinin A 
(PHA) and by B-lymphocyte mitogens as lipopolysaccharide 
(LPS). The lymphocytes also synthesized DNA and underwent 
blastogenesis in mixed lymphocyte cultures. Cuchens et al. 
(1976) subdivided Alligator mississippiensis peripheral 
blood lymphocytes into two subsets: T-lymphocyte-like
cells which were non-adherent in glass-wool fractionation 
columns and proliferated in response to ConA and PHA, and 
B-lymphocyte- like cells which were adherent to 
fractionation columns and responded to LPS. Further 
studies by Cuchens and Clem (1979b) utilized 
immunofluorescence to demonstrate that LPS-stimulated 
populations of Alligator mississippiensis lymphocytes 
produced immunoglobulin but PHA-stimulated populations did 
not. This provided additional evidence for the authors' 
theory that reptile lymphocytes are subdivided into T- and 
B-lymphocyte sets as in mammals and birds.
Lymphopenia (from normal 50.6% to 16.0%) was noted in 
Alligator mississippiensis experimentally infected with 
Aeromonas hydrophilia and was presumed to be related to 
"stress" (Glassman et al., 1981).
Monocytes
Very little mention of crocodilian monocytes has 
appeared in the literature. Although Reese (1917) 
described "mononuclear leucocytes" in Alligator
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mississippiensis, the exact nature of these cells was 
unclear. Slonimski (1935) briefly mentioned "monocytes 
petits et grands" in Crocodylus rhombifer. In Crocodylus 
niloticus, Pienaar (1962) observed poorly-characterized 
"large mononuclear azurophil-granular leucocytes". 
Castellanos (1973) merely mentioned presence of "monocitos" 
in blood films from Crocodylus rhombifer.
The general class of "monocytes" studied by 
Caxton-Martins (1977) in a crocodile (no species given) was 
variably positive for acid phosphatase, PAS, Sudan black B 
and beta-glucuronidase tests but negative for peroxidase 
and alkaline phosphatase.
In Alligator mississippiensis, various monocyte 
differential percentages have been reported, i.e., 3.0% 
(Glassman et al., 1981), 4.0% (Glassman et al., 1977a) and 
4.0% (Glassman and Bennett, 1978b). In other Alligator 
mississippiensis, differential percentages were 3.9% in 0.5 
year old animals, 1.2% in 1.5 year olds and 1.16% in 2.5 
year olds (Gorden and Esch, 1977).
Thrombocytes
Crocodilian thrombocytes are distinct cell types but 
were frequently been confused with lymphocytes. In 
Alligator mississippiensis, Reese (1917) described 
so-called lymphocytes with "oval" nuclei and "pointed or 
spindle form(s)"; the included drawings depicted typical 
thrombocytes. Likewise, Castellanos (1973) noted in 
Crocodylus rhombifer, 10.6 micrometer "linfocitos" with
60
dark-staining nuclei, clear cytoplasm and attenuated 
outlines whose photographs revealed that they were 
identical to thrombocytes.
Other authors reported thrombocytes as separate types. 
Pienaar (1962) remarked that in Crocodylus niloticus, 
thrombocytes were "comparatively large, attenuated cells" 
with dark "oblong" nuclei and elongated contours. In 
Alligator mississippiensis, thrombocytes had mean cell 
diameters of 9.4 micrometers, round 6.7 X 4.9 micrometer 
nuclei and scanty cytoplasm with a few granules (Glassman, 
et al., 1981) .
Enumeration of these cells included the indirect ratio 
of 70 thrombocytes per 100 leukocytes found by Pienaar
(1962) in Crocodylus niloticus. Absolute numbers of 
thrombocytes per cubic milliliter of blood were as follows 
in Alligator mississippiensis: 23.0 X 103 (Glassman and
Bennett, 1978), 24.0 X, 103 (Glassman et al. , 1981) and
30.0 X 103 (Glassman et al., 1977a). Specific age groups 
of Alligator mississippiensis had the following 
approximate numbers of thrombocytes per cubic milliliter of 
blood: 18.7 X 103 in 0.5 year olds, 27.6 X 103 in 1.5
year olds and 18.9 X 103 in 2.5 year olds (Gorden and 
Esch, 1977).
Support for the hypothesis that crocodilian 
thrombocytes function in hemostasis was provided by 
Belamarich and Eskridge (1963) who found that alligator (no 
species given) thrombocyte homogenates caused increased
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clotting of alligator plasma in direct proportion to 
quantity of thrombocytes added.
Total Leukocyte Counts
The exact methodology behind most available 
crocodilian leukocytes counts was unclear. Srisomboon
(1971) reported 609 X lO^/mm^ "white blood corpuscles" 
in unspecified crocodiles in Thailand, but did not disclose 
whether thrombocytes were included in the measurements. 
Coulson and Hernandez (1964) found a leukocyte count of 6.8 
in Alligator mississippiensis but failed to explicitly 
state units or multiplication factors.
More recent leukocyte counts in normal Alligator 
mississippiensis yielded the following values (per cubic 
milliliter): 5.3 X 1 0 3 (Glassman et al., 1981) and 5.5 X
10^ (Glassman et al, 1977a; Glassman and Bennett, 1978b). 
Total leukocyte values in Alligator mississippiensis age 
groups were as follows (per cubic milliliters): 4.1 X
1C)3 in 0.5 year olds, 4.5 X 1 0 3 in 1.5 year olds and 
4.2 X 10^ in 2.5 year olds.
Total leukocyte counts rose from these baseline values 
to 8.1 X 103 WBC/mm3 in Alligator mississippiensis 
experimentally infected with Aeromonas hydrophila. These 
counts decreased to control values after antibiotic 
treatment (Glassman and Bennett, 1978a; Glassman et al., 
1981 ) .
OBJECTIVES
The purpose of this research is to determine if acute 
and chronic inflammation in a reptile follows the same 
general morphologic and chronologic patterns known to occur 
in mammals and birds. The suitabilty of turpentine-induced 
skin lesions in Alligator mississippiensis as a model for 
inflammation in a reptile will also be evaluated.
Alligator blood cells will be classified using various 
methods to determine if these leukocytes are analogous to 
the well-known leukocyte types in mammals and birds.
The objectives of this research are as follows:
1) induction of subcutaneous inflammation in Alligator 
mississippiensis with turpentine, and subsequent sequential 
microscopic study of vascular and cellular events in the 
lesions; 2) observation of any alterations in peripheral 
leukograms induced by turpentine skin inoculations;
3) establishment of baseline hematologic values using 
control alligators; 4) characterization of alligator 
leukocytes and thrombocytes by various cytochemical tests, 
transmission electron microscopy and functional 
(phagocytosis and killing) tests.
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MATERIALS AND METHODS 
Experimental Animals
The experimental animals were 8-10 month-old, 230-750 
gm captive hatched and raised Alligator mississippiensis of 
both sexes obtained from the Rockefeller Wildlife Refuge in 
southwestern Louisiana (Joanen and McNease, 1975, 1976, 
1979) .
The alligators were kept in standard 6.0 X 2.0 X 2.0 
feet galvanized metal livestock watering troughs filled 
with 2.0-3.0 inches of water. Tanks were cleaned daily by 
prolonged flushing and replenishment with fresh water. 
Wooden platforms (2.0 X 2.0 feet) were provided so animals 
could emerge from the water at will. Up to 20 animals were 
comfortably housed per tank. Room temperature was 
maintained at 25°C (trough water temperature ranged from 
22-24°C). A 12 hour light-12 hour dark photoperiod was 
maintained. Finely ground whole nutria Myocaster coypu 
supplemented with vitamin-mineral mixture was fed twice a 
week (10.0-15.0% body weight given per feeding). 
Experimental Protocol
The following experiments were performed during 
June-August, 1982. Thirty-five alligators were divided 
into groups of five (three principal and two controls). 
Principals received 0.1 ml turpentine oila subcutaneously 
at 4 sites on the lateral body walls; controls received
aMedikay Pharmacal Co., Brookfield, Missouri 64628.
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similar inoculations of 0.1 ml sterile physiological saline 
solution. Individuals were identified by notching dorsal 
tail scales in various patterns.
The groups were terminated at 4 hours, 8 hours, 1 day, 
3 days, 7 days, 14 days and 30 days by stunning with 
electrocution followed by decapitation. Complete 
necropsies were immediately performed and samples of 
inoculation-site lesions and major organs (liver, kidney, 
lung, heart, spleen, pancreas, adipose tissue, skeletal 
muscle, adrenal and gonads) were placed in 10% buffered 
formalin. After 24 hour fixation, tissues were routinely 
embedded in paraffin, sectioned at 4.0 micrometers and 
stained with hematoxylin-eosin. Selected skin sections 
were stained with trichrome (Crowder, 1983) and 
phosphotungsic acid-hematoxylin (PTAH), iron, Von Kossa 
(calcium) and Fontana-Masson (melanin). (Luna, 1968). 
Selected skin sections were embedded in plastic, sectioned 
at 2 micrometers and stained with hematoxylin-eosin.
Initially and just prior to euthanasia, peripheral 
blood samples were collected from lateral tail venous 
sinuses (Olson, 1975) in heparinized syringes. Blood 
films were air-dried on glass slides and stained with 
Wright-Giemsa using an automatic slide stainer.b Special 
stains performed on normal blood-smears were Luxol fast
bH-Pack Wright-Giemsa, AJP Scientific, Clifton, New 
Jersey 07011.
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blue (Johnson and Metcalf, 1980)*, alcian blue (Luna,
1968) and toluidine blue and periodic acid-Schiff (PAS) 
with and without diastase (Preece, 1972).
Peripheral blood for leukocyte counts was aspirated 
into 10.0 microliter pipettes.0 Twenty microliters of 
blood were placed in 1.98 ml of diluent-fixative (Shaw, 
1930). Both chambers of a Neubauer hemacytometer were 
filled with blood-diluent mixture. Leukocytes were counted 
and total and differential values calculated according to 
the technique of Otis (1974). The only modification was 
that heterophils and not eosinophils were employed in the 
equations (Table 1).
Transmission Electron Microscopy
Small sections of turpentine-induced skin lesions were 
mixed in 5.0% glutaraldehyde - 2.4% formaldehyde in 0.1 M 
Na cacodylate buffer (pH 7.4), fixed for one hour at 4°C 
and postfixed in Na cacodylate buffered 1.0% 0s04 (pH 7.4).
After 3 washes with 0.1 M Na cacodylate buffer, 
samples were placed in 1.0% tannic acid in 0.1 M Na 
cacodylate buffer (pH 7.4) for 1 hour. Dehydration using 
an ethanol and propylene oxide series was carried out. 
Tissues were then embedded in an Epon-Araldite mixture. 
Blocks were cut on OmU3 ultramicrotome^ and placed
*Courtsey of Dr. J. J. McClure, Louisiana State University, 
Baton Rouge, Louisiana 70803. 
cUnopette Capillary Pipettes, Becton-Dickinson,
Rutherford, New Jersey 07070.
^Ernest Fullam Co., Schenectady, New York 12001.
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on 400-mesh copper grids.e Grids were then stained with 
7.0% uranyl acetate in 50% methanol for 10 minutes, washed 
in distilled water and stained with lead citrate for 5 
minutes. They were examined with an EM 10 A/B transmission 
electron microscope.f
Uninoculated healthy alligators of the same age and 
background were used to provide blood for transmission 
electron microscope examination of buffy coats. Three 
milliliters of blood was drawn from lateral tail venous 
sinuses (Olson, 1975) into heparinized syringes. The blood 
was placed immediately in 12.0-ml plastic test tubes with 
0.5 ml 2.5% glutaldehyde -2.4% formaldehyde in 0.1 M Na 
cacodylate buffer (pH 7.4). The tubes were centrifuged 20 
minutes in a TJ-6R centrifugeU at 400x G.
The supernatant was then poured off and 2.0-3.0 ml of 
the above fixative were gently layered on top of the 
exposed buffy coats. The tubes were placed at room 
temperature (20°C) for 15 minutes, and then the supernatant 
fixative was siphoned off. The buffy coats edges were 
loosened from the tubes with a straight wire probe. Wooden 
applicator sticks were then used to gently slide the buffy 
coat discs down the tilted tube sides and into a vial 
containing 10 ml of fixative. The large buffy discs were 
broken into small fragments and left in the fixative 30
eC. Reichert Optische Werke AG, A1171 Vienna, Austria, 
fcarl Zeiss, Inc., 7082 Oberkochen, West Germany. 
9Beckman Inst. Inc., Palo Alto, California 94304.
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minutes at 4°C.
The resulting tissue samples were post-fixed in 1.0% 
OSO 4 , embedded in Epon Araldite, sectioned and examined 
with a transmission electron microscope as previously 
described.
Cytochemistry
Peripheral blood was drawn in heparinized syringes 
from healthy young alligators. Drops of blood were used to 
make smears which were air-dried and immersed for 30 
seconds in Coplin jars containing fixative solution. The 
buffered fixative contained 2 0 . 0  mg N a 2 HOP4 , 1 0 0  mg 
KH 2 PO 4 , 30.0 ml water, 45.0 ml acetone and 25.0 ml 30% 
formalin and was kept at 4°C (Koski, et a l ., 1976).
For acid phosphatase hematologic studies, blood smears 
were prepared by air-drying with 30 second immersion in 
acetone citrate solution (Sigma Bulletin 386, 1979).
For alkaline phosphatase, blood smears were fixed in 
acetone citrate solution (Sigma Bulletin 85, 1977).
For peroxidase tests, air-dried blood smears were
used.
Similarly fixed smears of human blood served as 
controls for the above procedures.
For acid phosphatase tissue studies, fresh samples of 
skin lesions were removed from an alligator that had 
received subcutaneous turpentine injections two weeks 
earlier. These tissues were frozen, sectioned routinely,
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placed on glass slides and fixed in acetone citrate 
solution (Sigma Bulletin 386, 1979).
Similarly processed and fixed sections of prostate 
gland from an intact adult dog served as controls.
Cytochemical demonstration of chloroacetate esterase 
(CAE) was performed by slight modification of a standard 
technique (Yam, et al., 1971). Blood smears were incubated 
for 30 minutes in 15.0 M phosphate buffer (pH 7.6) contain­
ing hexazotized new fuschin and the substrate naphthol-AS- 
D-chloroacetate. After incubation, smears were rinsed in 
deionized water, counterstained for one minute in 1 .0 % 
methyl green, and coverslipped with Permount.
Demonstration of non-specific esterase (N S E ) was 
carried out by modification of a standard method (Koski, et 
al., 1976). Blood smears were incubated at 37°C in the 
dark for 15 minutes in a 15.0 M phosphate buffer solution 
containing hexazotized pararosanilne and alpha-naphthyl 
butyrate substrate. After incubation, slides were rinsed, 
air-dried and cover-slipped with Permount. Counterstaining 
was not done.
Blood and tissue acid phosphatase studies were 
performed according to an established technique (Sigma 
Bulletin 386, 1979) using naphthol AS-BI phosphoric acid 
and fast Garnet GBC Salt. Five-minute counterstaining with 
Mayer's hematoxylin was performed on all slides.
Cytochemical demonstration of alkaline phosphatase was 
carried out by a standard technique (Sigma Bulletin 85,
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1977) using naphthol AS-MX phosphage as substrate.* 
Counterstaining was not done.
Peroxidase determination was done by two cytochemical 
techniques. One was a slight modification of a standard 
method using 3-amino-9-ethyl carbazole (3A9E) as substrate 
(Kaplow, 1981). Blood smears were incubated with substrate 
and 0.3% H 2 O 2 in 0.02 M Na acetate buffer (pH .55) for 
60 minutes at 37°C. After incubation, slides were rinsed, 
counterstained with Mayer's hematoxylin for 8 minutes, 
air-dried and coverslipped with Permount.
The second peroxidase test* employed benzidine (BZ) as 
substrate with addition of CUSO4 and H 2 O 2 (Sato and 
Sekiya, 1926). After rinsing with water and air-drying, 
non-counterstained slides were cover-slippedi with 
Permount.
Phagocytosis and Killing
Peripheral blood was drawn in heparinized syringes 
from healthy young alligators and immediately placed in 3.0 
ml vacuum tubes containing ethylamine tetracetic acid 
(EDTA).h
After 20 minutes at 20°C, 1.0 ml of blood was 
transferred to a tube containing 2.0 ml of Gey's solution 
(pH 7.4) and 0.5 ml of bacterial suspension. This 
suspension consisted of Gey's solution with approximately 
95 million Staphylococcus aureus (Strain 502-A)
^Becton Dickinson, Rutherford, New York 07070.
*Courtesy of Dr. L. E. Mateo, Memorial Hospital, Houston, 
Texas 77096.
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organisms/ml, as previously determined by microdrop 
dilutions and spectrophotometer evaluation.
The blood-bacteria mixture was incubated in a 37°C 
water bath with gentle agitation for 1 hour. Then, 0.1 ml 
of 0.014% acridine orange^ in Gey's solution was added. 
After 1 minute incubation the mixture was centrigufed in a 
Sorvall RT-6000 centrifugeD for 10 minutes at 400x G. 
Supernatant was drawn off. To the remaining cell sediment 
was added 0.5 ml of 0.5% glutaraldehyde in 0.1 M Na 
cacodylate buffer (pH 7.4). Drops of resuspended solution 
were placed on glass slides, coverslipped and examined 
using a 63x oil immersion lensk and epifluorescence with 
510 nanometer filter.
Bacterial viability was evaluated according to the 
following rationale. The basic fluorochrome dye acridine 
orange (AO) binds to acidic moities as sulfuric, carboxyl, 
sulfonic and phosphoric groups, including phosphate groups 
of DNA. In double-stranded D N A , molecular geometry 
prevents close interaction of bound AO molecules, so the 
green monomer fluorescence is emitted. Thus, green 
fluorescence indicates intact DNA in a viable bacterial 
organism. Denatured DNA is single-stranded and randomly 
coiled, providing more closely-spaced binding sites for AO. 
Interaction with AO molecules results in red fluorescence.
^Fischer Scientific Co., Fairlawn, New Jersey 07410 
(certified dye no. 46005).
^DuPont Co., Instruments Div., Newton, Connecticut 
06470.
ICarl Zeiss, Inc., 7082 Oberkochen, West Germany.
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Red fluorescence thus indicates denatured DNA in an effete 
or dead bacterial organism. (Red fluorescence is also seen 
when AO binds to acid mucopolysaccharides or RNA.)
(Enright and Jeffers, 1981).
To ascertain whether bacteria were intracellular or 
simply adhered to the external cell surface, the 
preparations were examined with Nomarski differential 
interference contrast (DIC) optics using a 63x oil 
immersion lens.k
^Carl Zeiss, Inc., 7082 Oberkochen, West Germany.
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Table 1: Calculations for Leukocyte Total and Differential
Counts in Alligator Blood (modified after Otis, 
1974).
1) WBC initial = leukocytes (WBC) and thrombocytes counted 
in 9 large squares of both Neubauer hemacytometer 
chambers and averaged.
(total cells counted X 100) + 10% = WBC initial/mm^
2) Het = Heterophils in all 9 large squares of both 
chambers counted and averaged.
(total Het X 100) + 10% = total H e t / m m 3
3) % Het = % heterophils from differential count on blood
smears.
WBC final = leukocytes minus thrombocytes
= obtained by inserting % Het into equation
below.
(total Het)/mm3 = % Het
WBC final 100
RESULTS
Gross and Light Microscopic Skin Lesions
Throughout the experimental period, all alligators 
were active, alert and had excellent appetites. One 
control animal had subclinical bronchopneumonia detected at 
necropsy. Otherwise, all gross and light microscopic (LM) 
lesions were confined to the skin, subcutis and underlying 
musculature of turpentine-inoculated sites. No significant 
changes were observed in the saline-inoculated skin sites 
of controls (Fig. 1). Skin of controls was negative for 
inflammation-related substances (summarized in Table 2} 
except for the expected normal epidermal and dermal melanin 
detected by Fontana-Masson stain. Skin from principals was 
consistently negative for possible inflammation-related 
deposits as excess melanin, fibrin (PTAH) and iron.
Four Hours
Gross; Externally, inoculation site scales were 
indistinguishable from adjacent scales and those of 
controls. On section, a strong turpentine odor was 
immediately detectable. Sites consisted of solitary 
circumscribed, soft, yellow-white, 0.5-0 . 8  cm square 
nodules with peripheral bright red 3.0-4.0 mm streaks. 
Surrounding subcutaneous tissue was swollen, gelatinous and 
glistening.
L M : The dermis was thickened by an extensive, circum­
scribed focus of loosely fibrillar pink material 
(turpentine focus or TF) which was brick-red with PTAH
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stain. Adjacent dermal vessels were markedly congested 
(Fig. 2). Small foci of heterophils (defined below) and a 
few small mononuclear cells were present at the periphery 
of and.within the TF. Heterophils were plump, round to 
oval 5.0-10.0 micrometer cells packed with refractile, 
intensely eosinophilic rod-shaped granules. The basophilic 
oval nuclei were usually polar. Occasional bilobed nuclei 
were seen.
Underlying skeletal muscle bundles were slightly 
separated by narrow clear clefts sometimes containing 
scanty fibrillar pink material. Occasional myofibers were 
undergoing necrosis, as evidenced by rounded cell borders, 
vacuolated or granular sarcoplasm, fine basophilic 
sarcoplasmic stippling, pyknotic nuclei and loss of 
cross-striations (Fig. 3). Some of these degenerate 
myofibers had brown-black punctate deposits indicative of 
calcium salt accumulation (Von Kossa's stain).
Eight Hours
Gross; At 8 hours post-inoculation (PI), the external 
skin was indistinguishable from that of controls. 
Subcutaneous findings consisted of soft, 0.5-1.0 cm square 
yellow-white foci with a few central 1 .0 - 2 . 0  mm brown 
spots. These yellow foci were encircled by 1.0-3.0 mm 
thick, slightly raised gelatinous zones.
L M ; The dermis was similar to that seen at 4 hours 
PI, except now the clumps of heterophils and mononuclear 
cells at the TF edge were larger and more abundant (Fig.
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4). The congested dermal vessels often had intraluminal or 
occasional intramural heterophils.
Underlying myofibers were separated by wide clear 
spaces, and myofiber degeneration and necrosis was more 
advanced. Some necrotic myofibers were surrounded by a few 
heterophils and small mononuclear cells. With Von Kossa's 
stain, scattered myofibers were positive for calcium.
One Day
Gross: The skin surface was unremarkable. On
section, inoculation sites had subcutaneous dry 
circumscribed 0.5-0 . 8  cm square yellow-white foci.
Adjacent tissue was dry.
L M ; Surrounding the dermal TF were inflammatory cell 
foci centered around the congested small dermal vessels 
(Fig. 5). The foci were composed of about equal numbers of 
heterophils and plump mononuclear cells (Fig. 5). Moderate 
numbers of similar cells were scattered randomly through 
the TF and overlying superficial dermis (Fig. 6 ). In all 
locations, some extracellular heterophil granules were 
seen.
The prominent underlying foci of necrotic muscle were 
bordered by accumulations of similar inflammatory cells. 
Some of the degenerate myofibers contained sarcoplasmic 
calcium (Von Kossa's stain).
Three D a y s :
Gross: External scale surface was unremarkable. On
section, inoculation sites consisted of well-demarcated,
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dry, yellow 0 .5-1.0 cm square foci with peripheral brown 
streaks.
L M : The dermal TF was partially encircled by thick
discontinuous rims of inflammatory cells which extended 
from dermal vessels and became confluent (Fig. 7). The 
cell population was approximately 50% heterophils and 50% 
large (8.0-10.0 micrometer) mononuclear cells. Multiple 
foci of similar cells were scattered through the 
superficial dermis. Many small dermal blood vesels had 
frayed, fragmented walls with pyknotic nuclei.
The underlying muscle had large areas of shrunken, 
deeply eosinophilic myofibers separated by wide clear 
spaces. Some myofibers were positive for calcium (Von 
Kossa's stain). Large perivascular mixed inflammatory 
aggregates were also present. Narrow cuffs of small 
(5.0-6.0 micrometer) basophilic mononuclear cells encircled 
some small vessels.
Seven Days
Gross: External appearance was unremarkable. The
subcutaneous 0.2-0.5 X 0.5-1.0 cm yellow foci were 
surrounded by well-demarcated 1 .0 - 2 . 0  mm peripheral white 
rims.
L M : The dermal TF was completely encircled by a wide
(300-360 micrometer) zone of inflammatory cells (Fig. 8 , 9) 
divided into two poorly-circumscribed layers of 
approximately equal thickness. The inner layer consisted 
primarily of densely packed heterophils, many of which were
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necrotic. The densely populated outer layer was composed 
mainly of plump oval or round 8 .0 - 1 2 . 0  micrometer 
mononuclear cells with oval or indented 4.0-5.0 micrometer 
pale blue nuclei and abundant pale blue cytoplasm. The 
cytoplasm usually contained one to several 3.0-5.0 
micrometer round, clear or yellow slightly refractile 
vacuoles. Some of these cells (macrophages) also contained 
a few 1 .0 - 2 . 0  micrometer eosinophilic rod-shaped granules. 
Occasional multinucleated giant cells (MNGC) were scattered 
among the macrophages.
Adjacent small dermal vessels were surrounded by 
2-20 cell layer cuffs of small 5.0-7.0 micrometer round 
mononuclear cells with scanty cytoplasm and 5.0-6.0 
micrometer dark blue nuclei.
In addition to previously described changes, the 
underlying skeletal muscle had a few .3-2.0 X 2.5-6.0 mm 
sharply demarcated necrotic foci containing amorphous 
eosinophilic material or globular myofiber outlines. The 
foci were bordered by 200-250 micrometer inner zones of 
densely packed necrotic heterophils. Peripheral to these 
were external layers of large vacuolated macrophages, which 
were often elongated and loosely arrayed with parallel 
elliptical nuclei whose long axes were perpendicular to the 
central necrotic foci (Pig. 9). Occasional shrunken 
myofibers beyond the necrotic foci had brown-black 
sarcoplasmic stippling indicative of calcium accumulation 
with Von Kossa's stain.
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Fourteen Days
Gross; External appearance was unremarkable. 
Subcutaneous inoculation sites consisted of dry 0.5-2.0 cm 
square yellow-white oval foci bordered by very 
sharply-demarcated 1.0-3.0 mm opaque white rims. A few 
faint brown streaks were seen in the adjacent subcutis.
L M : The dermal TF were completely surrounded by
200-400 micrometer zones (Fig. 10) composed predominantly 
of macrophages with fairly abundant heterophils. In some 
areas, layering similar to that seen at seven days PI was 
evident. In other sections, the rims were comprised of 
densely packed, randomly mixed macrophages and heterophils 
as well as occasional 15.0-26.0 micrometer multinucleated 
giant cells.
Loose aggregates of macrophages and heterophils 
surrounded fragmented but recognizable myofibers, some of 
which were positive for calcium (Von Kossa's stain). Foci 
of more deeply eosinophilic homogeneous necrotic muscle 
were also prominent, bordered by thick inflammatory cells 
layers whose inner zones were comprised of necrotic 
heterophils. The wide outer layers were predominantly 
elongated large macrophages and a few multinucleated giant 
cells (MNGC) arranged in distinct orderly palisades. 
Vacuoles in these two cell types were large (4.0-5.0 
micrometers), crisply demarcated, clear and usually 
multiple. Beyond the inflammatory cell rims were a few 
clumps of small congested vessels supported by a stroma of
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sparse spindle cells and delicate collagenous fibers (blue 
with trichrome stain).
Thirty Days
Gross; Beginning at about 24-26 days PI, 1.5-2.0 cm 
oval patches of skin overlying the inoculation sites became 
partially separated from adjacent normal skin by deep 
fissures. By 30 days PI, these patches remained in place 
only because of loose adherence to underlying subcutis. 
Scales in the patches were wrinkled, soft and discolored 
dark-gray. On section, the underside of the patches 
consisted of extremely brittle, dry, lamellated 
green-yellow material very sharply delineated from and 
barely attached to the adjacent red- and white-streaked 
subcutis. A faint turpentine odor was discernible.
L M : The dermal TF foci and rims of macrophages and
heterophils were surrounded by stellate or spindle cells 
and delicate collagenous fibers (blue with trichrome 
stains) which supported congested small vessels. Some 
vessels were cuffed by small mononuclear cells.
The deep intramuscular necrotic zones were coarse 
amorphous sheets of eosinophilic debris bordered by 
elongated MNGC with large clear vacuoles and elliptical 
nuclei. The attenuated MNGC were arranged in striking, 
orderly parallel palisades with cell long axes 
perpendicular to the central necrotic debris (Figs. 12,
13) .
The immature fibrous stroma surrounding necrotic zones
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and extending between adjacent recognizable myofibers was 
more abundant and supported prominent clumps of congested 
small vessels (neovascularization) (Fig. 13). Occasional 
myofibers were positive for calcium (Von Kossa's stain). 
Diffuse moderate accumulations of plump vacuolated 
macrophages and occasional heterophils were also present in 
the fibrous stroma.
Masses of amorphous eosinophilic necrotic material 
extended from the intramuscular necrotic zones to the 
epidermis (Fig. 11), which consisted of lamellated 
eosinophilic sheets containing pyknotic nuclei and clumps 
of Gram-positive bacteria.
Light microscopic findings are summarized in Tables 2 
and 3.
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Figure 1. Control skin and underlying muscle (H&E stain, 
10Ox) .
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Figure 2. Skin 4 hours post-inoculation with turpentine
focus and congested dermal vessels (arrow) (H&E 
stain, 1OOx).
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Figure 3. Foci of rounded, homogeneous necrotic myofibers 
(arrow) at 4 hours post-inoculation (H&E stain, 
130x) .
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Figure 4. Eight hours post-inoculation. Heterophil
dermal infiltrate (arrow) is evident in
turpentine inoculation site (H&E stain, 100x).
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Figure 5. One day post-inoculation. Perivascular focus
of mixed inflammatory cells borders dermal
turpentine inoculation site (H&E stain, 100x).
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Figure 6 . One day post-inoculation. Inflammatory
infiltrate at dermal turpentine inoculation 
site (H&E stain, 110x).
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Figure 7. Three days post-inoculation. Mixed
inflammatory cell accumulations at turpentine




Figure 8. Seven days post-inoculation. Inflammatory cell
infiltrate encircles dermal turpentine
inoculation site (H&E stain, 100x).
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Figure 9. Seven days post-inoculation. Inner heterophil 
(arrow) and parallel external macrophage (long 
arrow) layers border necrotic myofiber zone 
(H&E stain, 120x) .
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Figure 10. Fourteen days post-inoculation. Inflammatory
cell infiltrates surround the dermal turpentine
inoculation site (H&E stain, 100x).
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Figure 11. Thirty days post-inoculation. Amorphous
necrotic debris extends from dermal turpentine 
inoculation zone to epidermal surface (H&E 
stain, 1OOx).
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Figure 12. Thirty days post-inoculation. Palisades of
vacuolated multinucleated giant cells (arrow) 
encircle necrotic foci (H&E stain, 130x).
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Figure 13. Thirty days post-inoculation. Higher
magnification of multinucleated giant cell 
palisades (arrow) (H&E stain, 150x).
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Figure 14. Thirty days post-inoculation. Immature fibrous 
stroma with numerous clusters of small blood 
vessels (arrow) adjacent to turpentine 
inoculation site (H&E stain, 120x).
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Control - - - -
4 hours + - ND ND
8 hours + - ND ND
1 day + - ND ND
3 days + - - -
7 days + - - -
14 days + + - -
30 days + + - -
(-) = negative; (+) = positive; ND = not done.
TABLE 3: Summary of Light Microscopic Skin Lesions for Turpentine-Inoculated Alligators
Time
Muscle





4 hours + ++ + - - - - -
8 hours + + + - - - -
1 day ++ + ++ - - - -
3 days ++ + +++ - - - -
7 days ++ - +++ + + - -
14 days +++ - ++ ++ ++ + -
30 days +++ - ++ +++ +++ ++ +++




Heterophils averaged 54.7-47.5% of the differential 
count in control animals. On Wright-Giemsa (WG) films, 
they were round to oval cells with mean diameters of 17.3 + 
0 . 2  micrometers and distinct, smooth cytoplasmic borders.
The nuclei were lenticular or oval (rarely bilobed) and had 
mean diameters of 7.0 + 0.02 micrometers. Chromatin was 
indistinctly clumped and clear purple. Most nuclei were 
eccentrically located at one pole of the cell (Fig. 15A).
The cytoplasm contained abundant 3.0-4.0 micrometer, 
refractile pale salmon pink granules. These granules had 
elongated needle- or spindle-shapes and occasionally were 
arranged in perinuclear radially symmetrical star-like 
configurations. The fragile heterophil cytoplasm was 
easily ruptured on poorly-prepared films.
With transmission electron microscopy (TEM), control 
buffy coat heterophils had smooth cell borders and polar 
lenticular nuclei with marginated heterochromatin. The 
cytoplasm contained moderate numbers of mitochondria. The 
membrane-bound cytoplasmic granules were abundant and 
pleomorphic, ranging from round to spindle to cone-shaped 
with varied electron density (Fig. 17). An occasional 
granule had a sharply-scalloped electron-lucent cavitation.*
*These cavitations were observed only in heterophils from 
certain fixation and embedding batches.
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Heterophils had cytochemical activity as follows: 
non-specific esterase (NSE) - brick-red cytoplasmic 
granules, acid phosphatase - dark red granules and alkaline 
phosphatase - dark blue granules. There was strong 
positive activity (magenta granules) with periodic-acid 
Schiff (PAS) which was abolished by diastase. There was 
weak positive activity (red-orange granules) with 3A9E 
peroxidase; BZ peroxidase tests were negative.
Stained with acridine orange (AO) and observed with 
fluorescence microscopy, heterophils were large oval cells 
with indistinct dull apple-green spindle-shaped granules. 
The polar nuclei had bright green coarse heterochromatin 
clumps. Moderate phagocytosis was indicated by the 
presence of 2-4 green (living) bacteria per cell; an 
occasional cell contained a red (dead) bacterium. Bacteria 
also were present on the external cell membrane in moderate 
numbers.
Eosinophils
Esoinophils (Fig. 15B) comprised 10.4 + 6.0% of the 
normal leukocyte differential count. On WG films, they 
were oval or occasionally round cells with diameters of 
14.9 + 1 . 9  micrometers and smooth external cytoplasmic 
outlines. The lenticular or oval nuclei were purple with 
coarsely clumped prominent chromatin and very sharply 
demarcated borders. Mean nuclear diameters were 7.3 + 0.09 
micrometers. Nuclei usually were located at one pole of 
the cell, often causing a slight outward bulge of the cell
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outline. Some nuclei were located more centrally.
The pale-blue smooth cytoplasm was visible only as 
thin rims or borders surrounding the numerous bright pink 
plump 2.0-3.0 micrometer granules. These granules had 
distinct outlines but ranged in shape from round to oval to 
polygonal. Often, a few granules would be present on the 
face of the nucleus.
Eosinophil cytoplasm had a tendency to contract or 
shrink in poorly-prepared films.
With TEM, control buffy coat eosinophils were oval to 
round cells with smooth cytoplasmic borders and eccentric 
or central lenticular nuclei with clumped heterochromatin. 
Occasional nuclei had central nucleoli. Rare nuclei were 
slightly indented. The large round or oval membrane-bound 
cytoplasmic inclusions were homogeneous and electron- dense 
(Pig. 18).
Cytochemical tests showed that eosinophils were 
strongly positive for alkaline phosphatase (coarse 
blue-purple granules) and Luxol fast blue (brilliant 
turquoise granules). There was moderate diastase-sensitive 
PAS activity (magenta granules). Weak peroxidase activity 
(orange-red granules) was seen with the 3A9E peroxidase 
test and moderate positive activity (blue-black granules) 
with the BZ peroxidase test.
Stained with AO and observed with fluorescence 
microscopy, these cells were generally smaller than 
heterophils and packed with pleomorphic yellow, orange and
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red coarse granules. Clear spaces were evident between 
granules. The eccentric oval nuclei were pale green. 
Rarely, a green bacterial organism was present in the 
cytoplasm of eosinophils.
Basophils
Basophils (Fig. 15C) constituted 12.7 + 16.8% of the 
control total leukocyte differential. They were round 
cells with mean diameters of 12.8 + 1.3 micrometers. Cell 
outlines had irregular "cobble-stone" contours due to the 
extremely abundant cytoplasmic granules.
These dark-purple to purple red 0.1-0.5 micrometer 
diameter round granules packed the cell to the point of 
frequently obscuring the nucleus. Some cells had granules 
of approximately uniform diameter, while other cells 
contained a mixture of variably-sized granules. In some 
cells, the granules tended to be arranged in a peripheral 
rim with a central granule cluster over the nucleus. In 
the relatively less granular midzone, small amounts of very 
pale blue or violet cytoplasm were noted.
In cells with fewer granules, nuclei could be 
discerned as large round centrally located pale blue 
structures (mean diameter 0.7 + 6.0 micrometers).
Basophils were quite delicate and easily ruptured, 
resulting in loose clumps of scattered granules on blood 
films.
With TEM, basophils from control buffy coats were 
round cells with moderate numbers of delicate short
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cytoplasmic projections (Fig. 19). The central nuclei were 
usually round but occasionally indented or bilobed, and had 
condensed marginated heterochromatin. Cytoplasmic granules 
were circular and uniformly electron-dense. In addition to 
randomly scattered granules, there were increased numbers 
of peripherally-situated granules adjacent to the plasma 
membrane.
Peripheral blood basophils had strongly metachromatic 
granules with toluidine blue stain. Positive acid 
phosphatase activity was demonstrated by prescence of dark 
red cytoplasmic granules. A few small magenta granules 
were evidence of weak diastase-sensitive PAS activity.
With AO staining and fluorescence microscopy, 
basophils were round cells packed with circular uniform 
brilliantly red granules. A few cells had granule-filled 
arms of cytoplasm extending beyond the cell border. When 
not completely obscured by granules, the round central 
nuclei were diffusely bright green. Bacteria were not 
observed within or on the surface of basophils.
Lymphocytes
Lymphocytes averaged 23.9 + 16.8% of differential 
counts in control animals. These cells were generally 
round or oval with mean diameters of 10.7 + 1.6
micrometers. Somewhat irregular polygonal or rhomboid 
forms were also present (Fig. 15D).
The most prominent features were the large nuclei 
(mean diameters 9.6 + 5.7 micrometers) whose shape
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generally followed cell contours, and which almost 
completely filled the cells. Nuclear outlines were 
occasionally wavy but generally smooth. Nuclei were a 
light, clear violet with finely clumped chromatin.
Cytoplasm was visible usually only as thin slate-grey 
or grey-blue rims bordering the nuclei. Occasional cells 
had a few small (1.0 micrometer) clear retractile vacuoles 
and/or dust-like scattered red granules in the cytoplasm.
The external cell borders varied from smooth to ragged 
and fragmented. Frequently bleb-like protusions of 
cytoplasm were observed. In some cases, cytoplasm was 
completely stripped from the cells, resulting in an 
isolated nucleus.
With TEM, control buffy coat lymphocytes were oval 
cells, often with 1-3 blunt, thick bleb-like cytoplasmic 
protrusions (Fig. 20). The scanty cytoplasm contained few 
mitochondria. The large oval central nuclei had densely 
clumped heterochromatin and a prominent nucleolus.
Lymphocytes had weakly positive chloroacetate esterase 
(CAE) activity, demonstrated by diffuse blue-violet 
cytoplasmic staining. Weakly positive diastase-sensitive 
PAS activity was shown by scanty punctate magenta 
cytoplasmic granulation.
With AO-fluorescence microscopy, lymphocytes were 
uncommonly observed round cells with smooth pale green 
cytoplasm and large circular homogeneous dull green nuclei. 




Monocytes (Fig. 16A) were the least common peripheral 
leukocytes, averaging 0.70 + 0.5% of the baseline 
differential counts. These cells were oval to round with 
mean diameters of 14.3 + 1.9 micrometers. The plump oval 
nuclei had mean greatest diameters of 7.1 + 0.03 
micrometers, and typically were centrally located.
However, many cells had somewhat eccentric nuclei adjacent 
to but never in contact with one pole of the cell. Some 
nuclei had shallow indentations resulting in reniform 
outlines. The nuclei were homogeneous clear light purple 
with finely stippled chromatin.
The abundant grey-blue cytoplasm sometimes contained a 
few clear refractile 1.0-2.0 micrometer vacuoles. Many 
cells had fine dust-like red granules usually in crescentic 
perinuclear aggregates.
The external cell borders were somewhat indistinct, 
with numerous very delicate thin cytoplasmic projections.
In addition to these typical monocytes, rare large (up 
to 2 0 . 0  micrometer diameter) cells with gently undulating 
borders, pale blue cytoplasm with few inclusions and 
prominent indented or even horse-shoe-shaped nuclei were 
seen.
Monocytes from control buffy coats observed with TEM 
were large with numerous cytoplasmic protusions of variable 
thickness and width. The abundant cytoplasm contained
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Golgi bodies, numerous mitochondria and small 
electron-dense membrane-bound vacuoles. Nuclei ranged from 
oval to reniform and were rather electron-lucent with small 
amounts of marginated heterochromatin (Fig. 21).
Monocytic cells (macrophages) from 14-day-old 
turpentine-induced skin lesions studied with TEM were 
scattered among clumps of collagen fibrils and amorphous 
debris (Fig. 22). These large cells had irregular outlines 
with numerous prominent cytoplasmic projections which were 
sometimes entwined with those of adjacent cells (distinct 
plasma membranes were always evident). The cytoplasm 
contained several large membrane-bound, variably 
electron-dense vacuoles. Large droplets of similar 
material were often present outside the cells.
Nuclei of these cells were electron-lucent with scanty 
marginated heterochromatin and irregular outlines.
Monocytes had positive cytochemical activity as 
follows: CAE - diffuse magenta cytoplasmic staining,
NSE - diffuse brick-red cytoplasmic staining, acid 
phosphatase - diffuse pale red staining, alkaline 
phosphatase - fine dark-blue cytoplasmic granulation and 
diastase-sensitive PAS - diffuse magenta cytoplasmic 
granulation.
On frozen sections of 14 day old turpentine-induced 
skin lesions, the monocytic cells (including vacuolated 
macrophages) were strongly positive for acid phosphatase 
(abundant dark red-purple granules).
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With AO-fluorescence microscopy, monocytes were large 
cells with indistinct, undulating cell borders and abundant 
dull green cytoplasm. The large oval nuclei were usually 
centrally located and diffusely bright green. Numerous 
green (living) bacteria were present on the cell surfaces. 
Phagocytic activity was indicated by up to 10 or more green 
(living) or rarely red (dead) bacteria with each cell.
Thrombocytes
Thrombocytes numbered 23.0 + 7.0 X lO^/mm^ 
peripheral blood. They were typically oval or elliptical 
cells with smooth cell borders and average greatest 
diameters of 14.3 + 3.0 micrometers (Figs. 16B-D). The 
cytoplasm was smooth, very pale blue or almost colorless 
and often contained* numerous clear confluent vacuoles with 
poorly demarcated borders. A few very fine red granules 
were present in some cells.
The uniform oval nuclei had mean greatest diameters 
8 . 0  + 0 . 8  micrometers and were centrally located with their 
long axes parallel to the long axes of the cells. The 
nuclei were intense dark purple with coarsely condensed 
chromatin. Prominent features of many nuclei were 1-3 
longitudinal or transverse pale blue furrows which extended 
across the nuclear face. These grooves sometimes 
terminated at shallow notches along the external nuclear 
borders.
Often the thromboycte cytoplasm was attenuated at one 
or both poles into long tail-like or knob-like projections.
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In some cases, the delicate cytoplasm was completely 
stripped from the cell, leaving an isolated nucleus.
Thrombocytes were often clustered together in closely 
aggregated groups of several cells.
Control buffy coat thrombocytes observed with TEM 
varied from elliptical to round shapes. The obliquely- 
oriented lancet-like cells had large central elongated 
nuclei with abundant coarse electron-dense heterochromatin. 
The transversely-sectioned nuclei had a prominent deep 
indentation (Fig. 23).
The cytoplasm was characterized by numerous 
electron-lucent round to tubular membrane-bound cytoplasmic 
vacuoles, some of which were confluent. In some instances, 
the vacuolar membranes were contiguous with the plasma 
membrane, resulting in narrow invaginations of the external 
cell surface (Fig. 23).
Thrombocytes had strong diastase-sensitive PAS 
activity (abundant punctate magenta cytoplasmic granules).
With AO-fluorescence microscopy, thrombocytes were 
extremely difficult to characterize as they had a marked 
tendency to aggregate in large clumps which also contained 
numerous lymphocytes, monocytes and bacteria.
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Statistical Analysis
Means of leukocyte total and differential counts 
(Table 7) were analyzed by Duncan's multiple range test.
At P < .05, no significant differences were noted between 
total leukocyte counts when comparisons were made between 
principals and controls, final and initial values, and 
values obtained over the various time intervals. Final 
heterophil means were significantly higher than initial 
values (P < .05). When total and differential leukocyte 
means of normal animals were compared by sex, only basophil 
means of females were significantly elevated from those of 
males at P < .05.
Results of blood cells studies are summarized as 
follows: control cell dimensions (Table 4), cytochemical
reactions (Table 5) and control hematological data (Table 
6 ). Means of leukocyte total and differential counts are 
noted in Table 7.
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Figure 15. Control blood cells. A) Heterophil. B) 
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Figure 16. Control blood cells. A) Monocyte. B-D)





Figure 17. Control buffy coat heterophil. Cytoplasmic
inclusions (arrow) are heterogenous and nucleus 
(N) is eccentric (16,000x).
Figure 18. Control buffy coat eosinophil. Cytoplasmic
granules are electron-dense and homogeneous and 
an irregularly shaped nucleolus (n) is present 




Figure 19. Control buffy coat basophil. Cytoplasmic 
granules (g) tend to be peripheral. Note 
cytoplasmic extensions (arrow) and bilobed 
nucleus (N) (20,000x).
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Figure 20. Control buffy coat lymphocyte. Cytoplasm with 
minimal organelles. Prominent nucleolus (n) is 
present. Note thick blunt cytoplasmic 
projection (p) (25,000x).
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Figure 21. Control buffy coat monocyte. Cytoplasm
contains abundant organelles and has numerous 




Figure 22. Macrophage from 14-day post-inoculation skin
lesion. Cytoplasm contains large vacuoles (v) 
resembling extracellular material (e). Dermal 
collagen fibrils (c) are adjacent to the cell 
(12,800 x ) .
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Figure 23. Control buffy coat thrombocytes. Transverse 
section (A) exhibits nuclear indentation (a) 
and cytoplasmic vacuoles (v). Oblique section 
(B) has apparent continuity of cytoplasmic 
vacuoles with plasma membrane (arrow) (2 0 , 0 0 0  
x) .
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TABLE 4: Peripheral Alligator Blood Cell Dimensions (in
micrometers) (n = 30 unless otherwise noted)
Cell :Diameter Nuclear Diameter
Mean S.D. Mean S.D.
Heterophil 17.3 + 1 . 2 7.0 + 0 . 0 2
Eosinophil 14.9 + 1 .9 7.3 + 0.9
Basophil 1 2 . 8 + 1.3 7.7 + 0.60 (n=1 2 )
Lymphocyte 10.7 + 1 . 6 9.6 + 5.70
Monocyte 14.3 + 1.9 7.1 + 0.03
Erythrocyte 20.3 + 1 . 6 4.9 + 1 . 0 0
Thrombocyte 14.3 + 3.0 8 . 0 + 0.80
S.D. = standard deviation
TABLE 5: Cytochemical Reactions of Alligator Peripheral Blood Cells
Test Heterophil Eosinophil Basophil Lymphocyte Monocyte Thrombocyte
CAE m. + +
NSE + _ +
Acid phosphatase + _ + _ + _
Alkaline phosphatase + + _ _ + _
Peroxidase (3A9E) + + __
Peroxidase (BZ) _ + _ _ _ _
PAS (no diastase) + + + + + +
PAS (diastase) _ _ _
Toluidine blue + _ _
Luxol fast blue + _ _ _
Alcian blue 
(pH 1.0 and 2.5)
- - - - - -
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TABLE 6 : Control Alligator Hematological Data (n = 35)
Parameter Mean S.D.
Erythrocytes (xlO^/mm3 ) 3.84 + 8.7
Leukocytes (x103 /mm3 ) 6.4 + 2.9
Differential Leukocytes (%)
Heterophils 54 .7 + 47.5
Eosinophils 10.4 + 6 . 0
Basophils 12.7 + 16.8
Lymphocytes 23.9 + 4.9
Monocytes .70 + 0.5
Thrombocytes (x103 /mm3 ) 23 .0 + 7.0
S.D. = Standard Deviation.
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TABLE 7: Means of Alligator Leukocyte Total and











(n= 2 0 )
Total WBC 6437.3 7858 .3 5871.54 6485.40
Heterophils 3253 .3* 4747.5* 2961.49 3262.32
Eosinophils 655 .87 668.46 613.34 644.58
Basophils 886.78 736.56 111 .54* 749.57*
Lymphocytes 1599 .9 1460.7 1305.37 1688.83
Monocytes 53 . 6 8 80.21 42.85 60.83
Thrombocytes 22503 .0 23680.0 23564.92 21104.35
♦Significant difference at P < .05.
DISCUSSION 
Turpentine-Induced Skin Lesions
Subcutaneous turpentine inoculation in Alligator 
mississippiensis caused prominent local lesions which 
progressed from acute to chronic inflammation and incipient 
resolution and healing.
As noted in similar lesions in rats (Williams and 
Johnson, 1978) the focus of inoculated turpentine (TF) 
remained visible throughout the experimental period. 
Earliest inflammatory signs (4-8 hours) were dermal 
congestion and increasing heterophil accumulation; focal 
necrosis of underlying muscle was also noted and was 
probably due to direct toxicity of turpentine. By one day 
post-inoculation (PI), infiltrates of heterophils and small 
mononuclear cells clustered around the small dermal 
vessels and were sometimes scattered in the TF or among 
necrotic myofibers. From 3-7 days PI, the mixed 
inflammatory cell infiltrates formed thick continuous rims 
around the TF and foci of necrotic myofibers. At 7 days 
PI, large vacuolated macrophages were predominant and rare 
multinucleated giant cells (MNGC) were detected. By 14 
days PI, MNGC became more abundant. From 14-30 days, 
macrophages and multinucleated giant cells became arranged 
around necrotic foci in sharply-delineated orderly parallel 
palisades; heterophils were still present but fewer in 
number. Evident at 14 days PI and quite prominent by 30 
days PI was proliferation of immature fibrous stroma with
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neovascularization. Epidermal necrosis with grossly 
visible scale degeneration was evident from about day 24 PI 
to 30 days PI.
The progression of events in the alligator skin 
lesions generally agreed with that classically described in 
acute and chronic inflammation in mammals (Panner and 
Orbison, 1973; Ryan and Majno, 1977b). Vascular 
engorgement and early granulocyte (heterophil) migration 
are acute responses presumably modulated by direct tissue 
injury and/or production of vascular and chemotactic 
mediators (Ryan and Majno, 1977a).
Later, macrophages and multinucleated giant cells 
accumulated around the persistent TF and necrotic 
myofibers, indicating chronic granulomatous inflammation 
(Adams, 1976). Continuing presence of heterophils 
signalled an ongoing process presumably triggered by 
chemotactic attraction by necrotic tissue and effete 
inflammatory cells ("necrotaxis", [Ryan and Majno, 1977a]). 
The alligator lesions were examples of granulomatous 
inflammation with an active component and early signs of 
healing (immature granulation tissue).
A true granuloma has been defined as "a compact 
(organized) collection of mature mononuclear phagocytes" 
(Adams, 1976). Although the relatively thin rims of 
macrophages and MNGC around the TF were not identical to 
"classic" granulomas as tubercles (Robbins and Cotran,
1979), the advanced organization of these cells was
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striking. Therefore, the later alligator lesions might be 
considered granulomas. Lesions termed "granulomas" have 
been produced in rats (Fuchs, 1966) and rabbits (Lazarus, 
1974) by subcutaneous turpentine inoculation. Prolongation 
of the present experiment might have led to eventual 
development of more typical granulomas.
Certain cellular features of the alligator skin 
lesions require more detailed examination. Appearing at 
about 3-7 days PI were small (5-7 micron) basophilic 
mononuclear cells with pronounced perivascular 
localization. The identity of these perivascular cells is 
uncertain. Some authors have reported aggregates of 
"lymphocytes" in turpentine-induced skin lesions in 
chickens (Carlson and Allen, 1969; Nair, 1973). However, 
lymphocytes and young monocytes in tissue sections cannot 
be reliably differentiated by routine light microscopy 
(Tsuda, et a l ., 1976). Moreover, young monocytes are known 
to migrate from the circulation to maintain cell 
populations in "high-turnover granulomas" produced by 
"irritant chemicals" (Spector, 1974). Therefore, the small 
mononuclear cell foci in the alligator lesions could have 
been composed of monocytes, lymphocytes or a combination of 
both.
Although not a significant element in non-allergic 
acute inflammation in mammals, basophils were reported in 
various early lesions induced in chickens by turpentine and 
other chemical and bacterial agents (Carlson and Allen,
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1969; Carlson, 1972; Nair, 1973; Awadhiya, et al., 1980a). 
Alligator skin lesions lacked noticeable basophil influx at 
early and later stages.
Arrangement of MNGC in orderly, parallel arrays around 
necrotic foci was a prominent feature of chronic Alligator 
mississippiensis skin lesions. The degree of cellular 
organization shown by the alligator lesions surpassed that 
seen in "organized" mammalian granulomas (Adams, 1976).
Such advanced aggregation of MNGC and epithelioid cell foci 
was also absent in the turpentine lesions in chicken skin 
examined by Jortner and Adams (1971).
In contrast, striking MNGC palisades were reported by 
Nair (1973) in his chicken skin-turpentine inflammation 
model. Naturally-occurring "granulomata" in a turtle 
Pseudemys ornatus callirostris were bordered by "giant 
cells in palisade formation" (Elkan, 1982) similar to the 
MNGC palisades seen in Alligator mississippiensis. The 
MNGC palisades can apparently be induced by agents other 
than turpentine, and can occur in at least two vertebrate 
classes.
Although qualitatively similar, the alligator response 
was quite slow compared to that of mammals and birds. At 
all stages, the Alligator mississippiensis inflammatory 
process lagged behind similar phases in the endothermic 
vertebrates. Progression from early vascular changes to 
predominance of mixed inflammatory cells took 3 days in 
alligators as compared to 6 hours in turpentine-inoculated
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skin of chickens (Carlson and Allen, 1969; Nair, 1973) and 
rats (Williams and Johnson, 1978). Multinucleated giant 
cells did not appear in alligator skin until 7-14 days PI, 
bue in chicken skin was present and in some cases had 
formed orderly palisades by 2-3 days PI (Jortner and Adams, 
1971; Nair, 1973). Signs of healing (immature fibrous 
tissue, neovascularization) were observed only at 14-30 
days PI in Alligator mississippiensis Similar changes were 
advanced or complete by 9-14 days in chickens (Nair, 1973) 
and rabbits (Lazzrus, 1974).
Ectothermic vertebrates as reptiles have specific 
"preferred" temperatures which they maintain by 
physiological and behavioral strategies. Beyond these 
rather limited mechanisms, they rely on external sources of 
body heat and thus their internal temperature reflects that 
of the environment (Porter, 1972). Lower than optimal 
environmental temperatures are known to slow rates of 
various reptile metabolic processes as digestive function 
(Diefenbach, 1975), humoral and cell-mediated immunity 
(Wright et al., 1978) and acid-base regulation (Davies, 
1978). Following subcutaneous inoculation with Aeromonas 
hydrophila, desert iguanas Dipsosaurus dorsalis kept at 
41°C had greater "granulocyte" migration into skin sites 
than did iguanas kept at 35° and 38°C (Bernheim, et a l ., 
1978) .
Alligators are no exception to this general finding.
In young Alligator mississippiensis, thermal preference was
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shown to be 29-31°C (Lang, 1982). Recently-fed alligators 
actively moved along environmental heat gradients to 
increase body temperature towards the high end of the 
preferred range, presumably because higher temperatures 
sped digestion (Lang, 1979). Aeromonas-infected alligators 
kept at 35-30°C had better survival rates and increased 
leukocytosis than similarly infected alligators maintained 
at 20°C or at 35°C (Glassman and Bennett, 1978a). These 
data indicated that both normal metabolic processes and 
response to pathogenic agents in Alligator mississippiensis 
can be influenced by environmental temperature.
In this study, alligators were maintained at 25°C 
(trough water varied from 22-24°C). Temporal aspects of 
the observed inflammatory process are thus valid only for 
this particular temperature range. It is possible that 
increasing ambient and water temperatures (and thus 
alligator body temperature) into the optimal 29°-31°C range 
could significantly increase the rate of inflammatory 
response. Whether the alligator response rate would be 
unlikely to match the response rate of mammals and birds 
remains to be investigated.
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Leukocytes
Numerous often contradictory systems of nomenclature 
and classification of reptile leukocytes have been 
proposed, usually based solely on morphology (Jordan, 1938; 
Pienaar,1962).
Based on the results obtained here, alligator 
leukocytes were divided into heterophils, eosinophils, 
basophils, lymphocytes and monocytes. Thrombocytes were 
considered different cell types from the leukocytes. All 
these names correspond with the terminology recently 
employed by other researchers to designate Alligator 
mississippiensis blood cells (Glassman, et al., 1981), and 
with that universally agreed upon for birds and mammals.
Working with other reptiles, some investigators noted 
other leukocyte types such as "neutrophils" (Acuna, 1973; 
Frye, 1981; Rosskopf, 1982; Rosskopf, et al ., 1982) and 
"azurophils" (Pienaar, 1962; Will, 1978). However, 
existence of these cell types has not been adequately 
documented. In Alligator mississippiensis, none of these 
additional leukocyte types was observed, so they were 
deleted from the classification scheme.
Historically, enumeration of reptile leukocytes has 
also been confusing. In this study, a modern leukocyte 
counting technique was employed (Otis, 1974). Following a 
recent trend (Efrati, et al., 1970; Desser, 1978; Glassman, 
et al., 1981), thrombocytes were counted separately. 
Although the separate counts decreased discrimination
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errors, other sources of variation were more difficult to 
control. Reptile leukocyte counts were said to be 
influenced by parameters as age, sex, season, geographic 
location, altitude, etc. . . (St. Girons and Duguy, 1963; 
Duguy, 1970) but these contentions have been very poorly 
documented. Other workers have denied the significance of 
most such parameters (Otis, 1973).
These factors were not systematically investigated in 
this study, so their effect, if any, on Alligator 
mississippiensis leukograms was not determined. As 
mentioned below, the only statistically significant 
variation was in basophil levels of males versus females.
The findings for each leukocyte class and thrombocytes 
are evaluated below:
Heterophils
Heterophils observed in this study resembled those 
previously described in Alligator mississippiensis by 
Glassman, et al. (1981). Their oval or rarely bilobed 
nuclei contrasted with the multisegmented nuclei described 
in certain other reptiles as Sphenodon punctatus (Desser, 
1978) and Crotalus cerastes (MacMahon and Hamer, 1975).
With mean diameters of 17.3 + 1.2 micrometers, the 
alligator heterophils were intermediate to large compared 
to those of other reptiles.
With TEM, the most striking features of control Alligator 
mississippiensis buffy coat heterophils were the numerous, 
large heterogeneous granules which varied both in
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electron-density and shape (oval to fusiform). Similar 
granules have been seen in heterophils of other reptiles 
(Taylor, et a l ., 1963; Kel4nyi and Nemeth, 1969; Desser and 
Weller, 1979b; Zapata, et al., 1981) and in birds (Dhingra, 
et al., 1969a; Maxwell and Trejo, 1970; Maxwell, 1974). 
Electron-dense cores were reported in heterophils of 
chickens and pigeons (Keldnyi and Nemeth, 1969) but were 
not seen in Alligator mississippiensis.
The alligator heterophil granules had occasional 
scalloped electron-lucent cavitations similar to those 
described in other reptiles by Kelenyi and Nemeth (1969), 
who considered them possible sites of "granular cytoplasm 
interaction. . .". It is possible that these cavitations 
>may be processing artifacts, as different fixation 
protocols are known to cause variable "crenation" of rabbit 
heterophils (Wetzel, et al., 1967a).
Alligator heterophils were positive for acid and 
alkaline phosphatase, diastase-sensitive PAS (glycogen), 
alpha-naphthyl butyrate esterase (nonspecific esterase or 
NS E ) and 3A9E peroxidase. The cells were negative for BZ 
peroxidase and chloroacetate esterase (CAE). These 
findings agreed with those of Glassman, et al. (1981) who 
found Alligator mississippiensis heterophils positive for 
PAS, alkaline phosphatase and peroxidase (BZ). Neutrophils 
of most domestic animals (Jain, 1969) and humans (Bretz and 
Baggiolini, 1974) consistently demonstrated peroxidase 
activity. Other BZ peroxidase tests in reptiles as Agama
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stellio (Efrati, et al., 1970) and Sphenodon punctatus 
(Desser, 1978) were positive, but negative results were 
noted in Lacerta agilis and Emys orbicularis (Kele'nyi and 
Nemeth, 1969). The lack of response to BZ peroxidase tests 
and weak response to 3A9E peroxidase in Alligator 
mississippiensis may have been due to technique 
differences. Alkaline phosphatase is considered 
characteristic of (though not completely specific for) 
neutrophils of humans (Marmont, pt al., 1981) and other 
mammals (Jain, 1969). It was found in most reptile 
heterophils tested (Efrati, et a l ., 1970; Desser, 1978). 
Acid phosphatase was likewise found in reptile heterophils 
(Horii, et a l ., 1951; Efrati, et a l ., 1970; Desser, 1978), 
in birds (Topp and Carlson, 1972a) and in mammals (Wetzel, 
et al., 1967b; Jain, 1969).
In humans, NSE activity has been considered specific 
for monocytes and/or lymphocytes (Yam, et a l ., 1971; Ranki, 
et al., 1980). Therefore it was surprising to find very 
strong NSE reaction in alligator heterophils (concomitantly 
processed human neutrophils were negative). However, even 
human neutrophils contain small amounts of alpha-naphthyl 
esterase (Marmont, et al., 1981) which Osbaldiston and 
Sullivan (1978) demonstrated will react positively after 
prolonged incubation. These same workers also found NSE 
activity in neutrophils of various domestic mammals.
The experimental protocol used in this study 
apparently was optimal for demonstrating the NSE activity
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present in Alligator mississippiensis heterophils. 
Alternately, alligator heterophils may contain very large 
quantities of esterase enzymes capable of reacting over a 
wide range of experimental conditions. The use of 
alpha-naphthyl butyrate (as opposed to the more commonly 
used acetate substrate) also may have influenced 
reactivity.
Conversely, CAE activity is considered specific and 
sensitive for human neutrophils and their precursors (Yam 
et al., 1971) and was even found in heterophils of the 
lizard Agama stellio (Efrati et al., 1970). Alligator 
heterophils were negative for CAE. Species differences in 
CAE activity were reported among various domestic and 
laboratory mammals (Moloney et al, 1960; Osbaldiston and 
Sullivan, 1978). Thus, alligator heterophils may have low 
levels of CAE enzymes, or these enzymes may be poorly 
reactive with the substrate used.
In mammals, the morphologically distinct neutrophil or 
heterophil granules have characteristic enzyme distribution 
(Bainton and Farquhar, 1968a, 1968b). Similar enzyme 
localization is possible but not proven for alligator 
heterophil granules.
Functional studies demonstrated Chat A. miss 
heterophils were capable of moderate phagocytosis and 
occasional killing of Staphylococcus aureus. These direct 
findings supported earlier claims (Glassman and Bennett, 
1978a; Glassman et al., 1981) that Alligator
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mississippiensis heterophils were phagocytic based on 
observed heterophil increases during systemic Aeromonas 
hydrophila infections. Heterophils of another reptile 
(Agama stellio) were proven capable of carbon particle 
phagocytosis (Efrati et a l ., 1970). The bacterial- 
phagocytic properties of avian (Topp and Carlson, 1972b) 
and mammalian (Stossel, 1974a, 1974b; Horwitz, 1982) 
neutrophils have been extensively documented.
Local turpentine inoculation of Alligator 
mississippiensis caused a statistically significant mean 
absolute and relative heterophilia (4353/mm3 or 60.4% 
from resting values of 3471/mm3 or 50.5%). Total 
leukocyte counts were not significantly elevated. 
Heterophilia and leukocytosis were seen in alligator 
systemically infected with Aeromonas hydrophila (Glassman 
and Bennett, 1978a; Glassman et al., 1981). Heterophilia 
was noted earlier in turpentine-inoculated turtles by 
Ryerson (1943); these lesions were also contaminated with 
bacteria. Turpentine inoculations in mammals will induce 
neutrophilias and total leukocyte elevations (Williams and 
Johnson, 1976; Gossett, 1981).
Although certain responses (i.e., positive NSE and 
negative CAE) were not typical of human and mammalian 
neutrophils, the bulk of evidence obtained in this study 
supported the theory of Glassman et al (1981) that 
Alligator mississippiensis heterophils are the functional 
equivalent of neutrophils. The LM and TEM morphology and
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the moderate phagocytic ability of these cells, as well as 
their relative increase in circulation of 
turpentine-inoculated animals all indicated the 
neutrophil-like character of these cells. The behavior of 
these cells in turpentine induced skin lesions also lent 
credence to this hypothesis.
Eosinophils
Eosinophils of Alligator■mississippiensis observed 
with the light microscope closely resembled those 
previously described in this species (Glassman et al.,
1981) and in many other reptiles (Ryerson, 1943; Pienaar, 
1962; St. Girons, 1970; Frye, 1981). Alligator eosinophil 
nuclei were oval and unlobulated corresponding to the 
eosinophils reported in most reptiles. Alligator 
eosinophils had cell diameters of 14.9 + 1.9 micrometers 
and 7.3 + 0.09 micrometer nuclei; these values are in the 
intermediate range of those previously reported for reptile 
eosinophils.
Ultrastructurally, control buffy coat eosinophils were 
characterized by abundant homogeneous large round to oval 
electron-dense granules. In humans and various other 
mammals, eosinophil granules have striking crystalloid 
cores (Zucker-Franklin, 1981b), but similar structures were 
not found in birds (Kelfenyi and Nemeth, 1969; Dhingra et 
a l . , 1969a; Maxwell and Trejo, 1970). In other reptile 
species, occasional eosinophil granules had poorly-defined 
cavitations but were usually homogeneous and electron-dense
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(Taylor et al., 1963; Keldnyi and Nemeth, 1970; Desser and
Weller, 1979a; Zapata et al., 1981).
Cytochemical tests of Alligator mississippiensis 
eosinophils were positive for alkaline phosphatase, 3A9E 
and BZ peroxidase, diastase-sensitive PAS and Luxol fast 
blue, and negative for CAE, NSE and acid phosphatase.
Alkaline phosphatase has been found in eosinophils of 
many different mammals (Jain, 1969) and in some reptiles
tested (Dinca, 1969). Acid phosphatase has been even more
consistently found in eosinophils of humans (Parmley and 
Spicer, 1974), domestic and laboratory mammals (Jain, 1969; 
Bainton and Farquhar, 1970) and some reptiles (Horii et al, 
1951; Dinca, 1969; Efrati et al., 1970; Desser, 1978). The 
non-reactivity of Alligator mississippiensis eosinophils 
was unexpected and may have been due to technical 
variations or species differences. Alternately, alligator 
heterophils may contain an acid phosphatase isoenzyme which 
stained poorly under the test conditions. Human leukocytes 
have been shown to contain at least seven different acid 
phosphatase isoenzymes (Li et al., 1970).
Peroxidase activity of Alligator mississippiensis 
eosinophils was present and more pronounced than the 
peroxidase activity of heterophils. In humans, neutrophil 
and eosinophil peroxidases are considered to be chemically 
(Migler and DeChatelet, 1978), immunologically (Salmon et 
al ., 1970) and functionally (DeChatelet et al., 1978) 
distinct entities. Differences in alligator peroxidases
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may have accounted for observed variations in heterophil 
and eosinophil reactivity.
Luxol fast blue stains were specific for eosinophils 
in Alligator mississippiensis The brilliant turquoise 
granular reaction was recently described in eosinophils of 
other species including humans (Shoham et a l ., 1974), mice 
(Johnson and Metcalf, 1980) and horses (McClure, 1983). In 
routine cytochemistry, Luxol fast blue is considered 
preferential for choline-based phospholipids especially 
abundant in neuronal myelin but also present in certain 
other cells (Pearse, 1955). Zucker-Franklin (1981a) noted 
that cat eosinophil granule cores had "lamellar 
structure(s) reminiscent of the myelin configuration 
phsopholipids assume in aqueous media", and Desser and 
Weller (1979a) mentioned a few eosinophil granules with 
"membraneous structures" in Sphenodon punctatus. The exact 
chemical composition of these configurations and their 
possible relation to Luxol fast blue reactivity may be 
worthy of further investigation.
Mammalian eosinophils are capable of phagocytizing and 
degrading bacteria, usually less effectively than 
neutrophils (Root and Cohen, 1981). This decreased 
microbiocidal activity has been linked to differences in 
intracellular chemical composition (DeChatelet et al., 
1978). Alligator eosinophils were quite sluggish in 
performing phagocytosis of Staphylococcus aureus. Only 
occasional eosinophils had intracellular bacteria, all of
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which were considered viable with AO staining.
In control alligators, eosinophils comprised 10.4% of 
the total leukocyte differential; no significant 
alterations were observed in turpentine-inoculated animals. 
This value is somewhat higher than the 5.5% and 6.1% 
observed respectively in control and Aeromonas-infected 
Alligator mississippiensis by Glassman et a l . (1981), and 
the resting values found in several other reptile species 
(Otis, 1973; MacMahon and Hamqr, 1975). However, the 
tuatara Sphenodon punctatus was found to have 11.5% 
circulating eosinophils (Desser, 1978). Eosinophilia has 
been frequently associated with parasitism in reptiles 
(Sabrazes and Muratet, 1924; Wood, 1935; Ryerson, 1949; 
Pienaar, 1962; Glassman et al., 1978, 1979), but other 
possible etiologies have not been investigated. In this 
study, four or five alligators harbored 1-2 gastric 
Dujardinascaris,* but this extremely light infestation was 
unlikely to have affected the overall eosinophil levels. 
Possible species or even seasonal differences (Duguy, 1970) 
may have accounted for the resting alligator eosinophil 
values.
The evidence obtained in this study demonstrated that 
alligator eosinophils are separate cell types from 
heterophils. These cells have distinct LM and TEM
*Parasite identification courtesy of Dr. B. Stewart, 
Louisiana State University, Baton Rouge, Louisiana.
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appearance which resembles that of mammalian and especially
avian eosinophils. The positive peroxidase, PAS and 
alkaline phosphatase tests were consistent with results 
found in other species. Even more interesting was the 
positive Luxol fast blue reaction, considered specific only 
for eosinophils among mammalian and human leukocytes.
Alligator eosinophils displayed very weak phagocytosis. No
significant numerical variations of eosinophils were seen 
in turpentine-inoculated animals compared to controls.
Thus, alligator eosinophils appeared and behaved 
differently from heterophils but are analogous to mammalian 
eosinophils in a number of important properties.
Basophils
Light microscopy of alligator basophils revealed cells 
that closely conformed to previous descriptions in 
crocodilians (Pienaar, 1962; Glassman et al., 1981) and 
other reptiles (St. Girons, 1970; Frye, 1977, 1978, 1981). 
Alligators had basophil diameters of 12.8 + 1.3 micrometers 
and nuclear diameters of 7.7 + 0.60 micrometers. These 
values are quite similar to those reported for other 
reptile species, and reinforced the contention of St.
Girons (1970) that dimensions of basophils show less 
intraspecific variations than those of other reptile 
granulocytes.
Ultrastructurally, Alligator mississippiensis 
basophils were characterized by round, uniform, 
homogeneous, electron-dense cytoplasmic granules often
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arranged in peripheral rims along the cytoplasmic border. 
Various intragranular features as bands, stippled 
particles, whorls and indistinct inclusions have been 
described in basophils of many species as humans 
(Zucker-Franklin, 1981b), guinea pigs (Terry et a l ., 1969),
chickens (Dhingra et a l ., 1969a; Maxwell and Trejo, 1970)
and certain reptiles such as Sphenodon punctatus (Desser 
and Weller, 1979a). The absence of such features in 
alligator basophils may have been due to species 
difference; other animals as the rabbit also have primarily
homogeneous granules (Wetzel et al., 1967). Alternately,
processing technique may have been involved. In other 
species, basophil granules were reported to have 
"remarkable fixative-dependent variability" (Wetzel et al., 
1967).
Other features of alligator basophils observed with 
TEM included the large central nuclei. In most cells, the 
nuclei were circular (corroborating light microscopic 
findings), but occasional cells had distinctly bilobed 
nuclei. Abundant delicate filopodia extending from the 
cytoplasmic borders were additional basophil features 
previously undescribed in reptiles.
Cytochemical tests of alligator basophils were 
positive for toluidine blue, diastase-sensitive PAS and 
acid phosphatase. They were negative for alkaline 
phosphatase, CAE, NSE, BZ and 3A9E peroxidase and alcian 
blue (pH 1.0 and 2.5). In many mammalian and reptile
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species, results of above-mentioned enzyme tests have 
diverged widely (Horii et al. , 1951; Pienaar, 1962; Jain, 
1969; Desser, 1978). The PAS test has been rather 
consistently positive in human basophils (Zucker-Franklin, 
1981b), as well as those of reptiles (Pienaar, 1962;
Desser, 1978) but diastase sensitivity has not usually been 
noted. Thus, in these reports it is uncertain if PAS 
response indicated glycogen -(sensitive to diastase) or 
mucopolysaccharides as heparin (undigested by diastase).
The very strong toluidine blue metachromasia shown by 
Alligator mississippiensis basophils and those of many 
reptiles (Kelly et a l ., 1961; Pienaar, 1962) is a classic 
reaction generally attributed to presence of acid 
mucopolysaccharides (as heparin) in mammalian basophils 
(Stossel, 1977). Alcian blue tests also demonstrate acid 
and/or neutral mucopolysaccharides but results are 
dependent on pH (Thompson, 1966). In this study, alcian 
blue stains were done at pH 1.0 and 2.5, but these standard 
hydrogen ion concentrations may not have been optimal for 
reactivity in alligator basophils.
Fluorescent microscopy of AO-stained alligator 
basophils produced striking bright-red coloration of 
granules. This "flame red" metachromatic fluorescence has 
been seen in mammalian basophils, mast cells and cartilage 
and attributed to acid mucopolysaccharide content (Kelly, 
1966). No phagocytosis or killing of bacteria by basophils 
was observed in keeping with the generally weak phagocytic
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capabilities reported for these cells in mammals (Dvorak 
and Dvorak, 1979).
Control Alligator mississippiensis had 12.7% basophils 
in leukocyte differential counts, corroborating previous 
assertions that reptiles and especially crocodilians have 
high percentages of basophils in peripheral circulation 
(Michels, 1938; Kelly et al., 1961; Duguy, 1970). 
Statistically greater numbers of basophils were seen 
control normal females than in males (Table 7). In 
contrast, greater numbers of basophils have been reported 
in males of other reptile species as Cordylus vittifer 
(Pienaar, 1962) and Iguana iguana (Acuna, 1973)
(statistical significance not determined). In view of the 
conflicting data in the literature and the small sample 
sizes used here (13 females and 20 males), the 
physiological importance of this statistical variation was 
difficult to evaluate.
Although present in much higher numbers in peripheral 
circulation, Alligator mississippiensis basophils were 
otherwise similar to mammalian basophils in many important 
respects as LM and TEM morphology, toluidine blue and PAS 
staining, extremely limited or absent phagocytic capacity 
and red granular fluorescent metachromasia. Nothing is 
known of the exact function of reptile basophils, but 
evidence in this study indicated that they should be 
tentatively considered analogous to mammalian basophils.
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Lymphocytes
Alligator lymphocyte morphology resembled the light 
microscopic description in other reptiles, birds, and 
mammals. Mean diameter of alligator lymphocytes was 10.7 + 
1.6 micrometers with mean nuclear diameters of 9.6 + 5.7 
micrometers. These values were somewhat smaller than the 
mean 12.8 + 1.3 micrometer diameters reported in Alligator 
mississippiensis by Glassman et al. (1981). As there was 
no clear-cut functional heterogeneity, no attempt was made 
to subdivide alligator lymphocytes into various size 
groups.
With TEM, Alligator mississippiensis lymphocytes had 
features as high nucleus:cytoplasm ratio, clumped 
heterochromatin and prominent nucleolus typically described 
in reptiles (Taylor et a l ., 1961; Zapata et al., 1981), 
avian (Dhingra et a l ., 1969b; Maxwell, 1974) and mammalian 
(Douglas, 1977) lymphocytes. Instead of the delicate 
cytoplasmic pseudopodia often found in other species, 
Alligator mississippiensis lymphocytes more commonly had 
1-3 broad protusions.
Alligator lymphocytes were positive for CAE and weakly 
positive for PAS tests; acid and alkaline phosphatase, 
peroxidase and NSE tests were negative. Although 
phosphatases have occasionally been found in reptile 
lymphocytes (Horii et al., 1951), most reptile species 
tested were negative for most enzymes evaluated in this 
study (Pienaar, 1962; Caxton-Martins, 1977). Avian
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(Caxton-Martins and Daimon, 1976) and mammalian (Jain,
1967, 1969) lymphocytes demonstrated negative to variable 
reactivity. In human lymphocytes, enzyme reactivity 
generally is not pronounced and depends greatly on 
lymphocyte subset and state of activation (Douglas, 1977; 
Gross and Greaves, 1981).
The positive CAE activity of the alligator lymphocytes 
was unexpected, as this enzyme is considered specific for 
neutrophils and their precursors in humans (Yam et al., 
1971). However, by manipulating incubation times and other 
experimental conditions, Osbaldiston and Sullivan (1978) 
demonstrated CAE in lymphocytes of various domestic 
mammals. In this study, alligator blood films were 
incubated in the test medium for 30 minutes instead of the 
10 minutes recommended for human blood (Yam et al., 1971). 
Besides longer incubation times, different enzymatic 
composition of the alligator lymphocytes may have been 
responsible for the observed results.
Alpha-naphthyl acetate esterase or NSE has been shown 
to be a specific marker for human T-lymphocytes (Ranki,
1980) and has been sporadically demonstrated in lymphocytes 
of some domestic mammals (Jain, 1969; Osbaldiston and 
Sullivan, 1978). Although preliminary evidence has 
indicated that alligator lymphocytes are divided into B-and 
T-cell subsets (Cuchens and Clem, 1979b), neither 
generalized or partial NSE reactivity of peripheral 
lymphocyte populations was seen in this study. Perhaps use
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of alpha-naphthyl butyrate as substrate influenced these 
results.
Stained with AO and observed with fluorescence micro­
scopy, alligator lymphocytes were characterized by large, 
bright green nuclei (indicating abundant double-stranded 
DNA). No phagocytosis or killing of Staphylococcus aureus 
by alligator lymphocytes was noted. Most lymphocytes in 
the AO-phagocytosis preparations were clumped in large 
aggregates with monocytes, thrombocytes, bacteria and few 
grnaulocytes.
Glassman et a l . (1981) reported that in 
Aeromonas-infected alligators, lymphocytes decreased from 
control values of 50.6% to 16.0%, presumably due to 
"stress". No statistically significant drops in lymphocyte 
percentages or absolute numbers were noted in the 
turpentine-inoculated Alligator mississippiensis
In this study, control alligators had 23.9 + 4.9% 
lymphocytes in the leukocyte differential, which was 
considerably lower than the 50.6% previously reported by 
Glassman et a l . (1981). This lower value was also contrary 
to the general consensus that lymphocytes are the most 
abundant peripheral leukocytes in reptiles. The validity 
of this general statement, however, may be questionable 
because of the methodological variations which have plagued 
reptile hematology.
Previous workers stressed the morphologic and 
functional resemblance of reptile lymphocytes to their
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mammalian counterparts. The findings observed in Alligator 
mississippiensis generally supported this hypothesis.
Monocytes
In Alligator mississippiensis, typical monocytes 
observed with light microscopy were plump oval to round 
cells with abundant cytoplasm, and mean diameters of 14.3 + 
1.9 micrometers. The usually oval but occasionally 
reniform nuclei had mean greatest diameters of 7.1 + 0.03 
micrometers. Due to the variation in terminology and 
classification of these cells, comparison of Alligator 
mississippiensis monocytes to those of other reptiles was 
difficult. Except for their generally oval rather than 
indented nuclei, the alligator monocytes resembled those 
described in birds (Lucas and Jamroz, 1961) and humans 
(Lessin et al., 1977).
Observed with TEM, control buffy coat alligator 
monocytes displayed features as abundant cytoplasm and 
organelles, pseudopodia and microvilli and increased 
nuclear euchromatin very typical of their analogues in 
birds (Dhingra et a l ., 1969b; Maxwell and Trejo, 1970) and 
humans (Lessin et al., 1977).
Macrophages from 14 day old turpentine-induced skin 
lesions were characterized ultrastructurally by numerous 
large, homogeneous, electron-dense membrane-bound vacuoles. 
The homogeneous contents of these vacuoles closely 
resembled the large extracellular globules (probably 
turpentine) frequently found near the cells. These cells
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also had undulating borders, small cytoplasmic vesicles and 
relatively electron-lucent nuclei characteristic of 
mammalian "activated" macrophages (Lessin et al., 1977; 
Cline, 1981), especially those found in so-called 
"high-turnover granulomas" provoked by relatively toxic 
agents (Spector, 1974). Although occasional cells had 
intertwined complex cytoplasmic processes, no unequivocably 
distinct epithelioid cel'ls were observed.
Cytochemically, control buffy coat monocytes were 
positive for acid and alkaline phosphatase, NSE, CAE and 
diastase-sensitive PAS but negative for 3A9E and BZ 
peroxidase. Vacuolated macrophages in frozen sections of 
14-day old turpentine skin lesions were very strongly 
positive for acid phosphatase.
Acid phosphatase reactivity is a prominent 
characteristic for mononuclear phagocyte system (MPS) cells 
of birds (Topp and Carlson, 1972a; Caxton-Martins and 
Daimon, 1976), mammals (Jain, 1969), humans (Lessin et al., 
1977; Cline, 1981) and even most reptiles studied (Horii et 
a l ., 1951; Dinca, 1969; Caxton-Martins, 1977). The NSE 
reaction is considered characteristic of human monocytes 
(Cline, 1981), so the strongly positive reaction of the 
alligator cells was not surprising. As CAE is considered 
rather specific for neutrophils in humans (Yam et al., 
1971), the positive reaction in the alligator monocytes was 
unexpected. However, these cells were incubated for 
prolonged periods, and extended incubation times are known
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to produce CAE activity in human and various mammalian 
monocytes (Osbaldiston and Sullivan, 1978).
Although peroxidase and/or alkaline phosphatase has 
been reported in monocytes of mammals (Jain, 1967, 1969), 
and various reptiles (Horii et al., 1951; Pienaar, 1962; 
Caxton-Martins, 1977), generally reactivity has been weak 
or sporadic. Thus, the negative response for these enzymes 
in alligator monocytes was not unexpected.
In AO-fluorescence microscopy preparations, monocytes 
were identified as large cells with wavy borders, abundant 
pale green cytoplasm and large oval nuclei. Numerous 
bacteria were present on the cell surfaces as well as 
within the cells. Some of these intracellular bacteria 
were red (indiating dead organisms). These findings 
corroborated earlier reports of phagocytosis by reptile 
monocytes. Actual killing as well as phagocytosis of 
bacteria (spirochetes) has been inferred from TEM studies 
of monocytes and macrophages of the rhinoceros iguana 
Cyclura cornuta (Simpson et a l ., 1981).
Monocyte percentages in control Alligator 
mississippiensis differential counts were low: 0.70 +
0.5%.
Based on control light microscopic and TEM appearance, 
enzyme composition (NSE and acid phosphatase abundant but 
peroxidase negative) and demonstration of phagocytosis both 
by TEM and dynamic methods (Staphylococcus aureus - AO 
preparations), Alligator mississippiensis monocytes are
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considered to be analogous to the mononuclear phagocytes of 
mammals and birds. The altered appearance of these cells 
after phagocytic activity observed by the various 
experimental techniques justified use of the term 
"macrophage" for the activated, phagocytic cells.
Thrombocytes
Observed with light microscopy, alligator thrombocytes 
were oval to spindle cells closely resembling those 
previously described in reptiles. They had mean cell 
diameters of 14.3 + 3.0 micrometers and mean greatest 
nuclear diameters of 8.0 + 0.80 micrometers.
Ultrastructurally, thrombocytes were characterized by 
large nuclei which in most sections had single prominent 
indentations. Similar indentations have been occasionally 
seen in thrombocytes of other reptiles (Taylor et al.,
1963; Desser and Weller, 1979b) and birds (Maxwell, 1974). 
These indentations probably corresponded to the lateral 
notches noted in thrombocyte nuclei by light microscopy. 
Another nuclear feature was the extremely electron-dense, 
clumped marginated heterochromatin, which resembled that 
mentioned for thrombocytes in most reptiles (Taylor et al., 
1963; Desser and Weller, 1979b) and birds (Dhingra et al., 
1969b; Maxwell and Trejo, 1970; Maxwell, 1974; Daimon and 
Uchida, 1978).
The numerous delicate cytoplasmic electron-lucent 
vacuoles and tubules, some in apparent continuity with the 
plasma membrane, were another feature of alligator
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thrombocytes. Similar structures were observed in Sphendon 
punctatus (Desser and Weller, 1979b) and in various 
domestic birds (Maxwell and Trejo, 1970; Maxwell, 1974).
The alligator thrombocyte vacuoles were morphologically 
similar to the complex series of membrane invaginations 
found in mammalian platelets and termed the open canicular 
system (OCS) (Zucker-Franklin, 1981c). Further resemblance 
of chicken thrombocyte vacuoles to the OCS was demonstrated 
by ruthenium red deposition and energy dispersive x-ray 
analysis experiments (Daimon et al., 1978; Daimon and 
Uchida, 1978). In these studies, the cytoplasmic vacuole 
system was shown to communicate with the external cell 
membrane and to sequester calcium. Although conclusive 
studies are lacking, it is likely that reptile thrombocyte 
vacuoles have similar OCS-like organization.
Although acid phosphatase had been detected in 
mammalian platelets (White, 1977) and avian thrombocytes 
(Atwal and McFarland, 1966; Sweeney and Carlson, 1968), 
neither this nor any other enzyme tested was found in 
Alligator mississippiensis thrombocytes. Thrombocytes had 
strong, punctate cytoplasmic reactivity for 
diastase-sensitive PAR. Positive PAS reactions had been 
previously noted in thrombocytes of Cordylus vittifer 
(Pienaar, 1962) and beta-glycogen detected
ultrahistochemically in thrombocytes of Sphenodon punctatus 
(Desser and Weller, 1979b). Japanese quail Coturnix 
coturnix japonica thrombocytes were also positive with the
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PAS test (Atwal and McFarland, 1966).
In whole blood preparations stained with AO and 
studied with fluorescence microscopy, alligator 
thrombocytes were inevitably found in large clumped 
aggregates which also contained agranular leukocytes, 
granulocytes and Staphylococcus aureus. Thrombocyte 
morphology was thus difficult to evaluate. The marked 
clumping tendency added evidence to the widely-accepted 
theory that reptile and avian thrombocytes function 
primarily in hemostasis and coagulation (Pienaar, 1962; 
Stalsberg and Prydz, 1963a, 1963b).
Clumping of Alligator mississippiensis thrombocytes 
prevented assessment of possible phagocytosis and killing 
of bacteria. Some authors have declared that reptile 
(Frye, 1981) and avian (Carlson et al., 1968) thrombocytes 
are capable of phagocytosis. Even "rare" phagocytosis of 
bacteria by human platelets has been reported (Clawson, 
1974). A more recent review did not mention phagocytosis 
as a function of human platelets, though the tendency of 
particles to adhere to the external OCS surfaces was 
well-recognized (Zucker-Franklin, 1981c). Thus, further 
investigation is needed to definitely prove if particles 
observed within reptile and avian thrombocytes are actually 
in intracellular phagosomes or merely in the dilated 
extracellular spaces of an OCS-like system.
The mean normal thrombocyte level of 23.0 + 7.0 X 
10 3 cells/mm^ was comparable to values of 24.0 + 1.0 X
1C)3 c e l l s / m m ^  previously found in Alligator 
mississippiensis by Glassman et a l . (1981). The alligator 
values were intermediate between the 10.0-19.5 X 
10-Vmm3 found in Cordylus vittifer (Pienaar, 1962) and 
the 40.0-45.0 X lO^/mm^ noted in Agama stellio (Efrati 
et a l ., 1970). Due to the technical problems of 
thrombocyte identification and quantitation, it is 
difficult to say if this range reflects biological 
differences.
Data obtained in this study indicated that Alligator 
mississippiensis thrombocytes are analogous to avian 
thrombocytes, and closely resemble mammalian platelets and 
megakaryocytes.
SUMMARY
Turpentine-induced skin lesions provided a reliable 
model of acute and chronic inflammation in Alligator 
mississippiensis Although certain unusual features as 
multinucleated giant cell palisades were observed in these 
lesions, overall qualitative inflammatory response was very 
similar to that classically seen in mammals and birds. The 
major difference was the relatively slower pace of the 
alligator inflammatory process, a feature which might be 
influenced significantly by ambient temperatures.
Using techniques as light microscopy, transmission 
electron microscopy and cytochemistry and functional 
studies, Alligator mississippiensis leukocytes were 
subdivided into heterophils, eosinphils, basophils, 
lymphocytes and monocytes. These cells generally 
corresponded in morphology and function to their 
counterparts in mammals and birds. Thrombocytes were 
considered separate elements from leukocytes and seemed 
analogous to avian thrombocytes. Baseline leukograms were 
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